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Failure of any part of a missile—be it the mighty 
Atlas, Jupiter or Thor—can mean failure of the 
mission. That’s why the complex connections in the 
ducting systems of these and other missiles are sil- 
ver brazed. These connections must stand up under 
6,000 psi; they are tested to 12,000 psi. 

In lines made to specifications by Flexonics Cor- 
poration, Maywood, Illinois, silver brazing joins a 
corrugated flexible pressure carrier, a braid sleeve 
and a coupling nipple—all of stainless steel; it per- 
mits joining all of these elements of the assembly 
without danger of annealing the pressure-carrying 
flex or the restraining braid as welding might do. 

Assemblies designed for 6,000 psi operating pres- 
sure are required to withstand a 12,000 psi test and 
take four times their normal operating pressure 
before failure. They may also be required to pass 


= _ on fk re 


fii 
ce 


5 a 


No Margin Here 
for joint failure! 
Assemblies in 
ATLAS Missile 
HANDY & HARMAN 
Silver Brazed 
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Intercontinental Atlas missile being 
made ready for launching. 


a flame test in order to meet specifications. 

The silver-brazed connections are used on 
hydraulic and pneumatic systems, fuel drain lines and 
vent tubes. Some of these applications involve rigor- 
ous service with extreme pressure shocks accompa- 
nied by sudden elevations of temperature, which may 
go from —60° to 400-600° F in a matter of seconds. 

A more “‘high level’’ endorsement of Handy & 
Harman silver alloy brazing is not available. On the 
ground or in the air, the qualities of this remarkable 
metal joining method apply; strength, ease of pro- 
duction, cost, gas and liquid joint tightness to name 
a few. The entire brazing story is yours merely for 
the asking. Inquiries and metals-joining ‘‘problem 
exposure’ may be addressed to Handy & Harman, 
82 Fulton Street, New York 38, N. Y. We welcome 
the opportunity to work with you. 


Your NO. AMM Source of Supply and Authority on Brazing Alloys 


<@ HANDY & HARMAN 
os7, General Offices: 82 Fulton $t., New York 38, M.¥. 
DISTRIBUTORS IM PRINCIPAL CITIES 


Close-ups of missile section, showing silver alloy 
brazed ducting assembly. 
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FOR A GOOD START: 

BULLETIN 20. 
This informative booklet gives 
a good picture of silver braz- 
ing and its benefits...includes 
details on alloys, heating 
methods, joint design and pro- 
duction techniques. Write for 
your copy. 
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STRATO-THERM 


TERMINALS AND SPLICES | 


up te 1200°F. operating 
temperature 

solid, stranded or 
combination conductors 
Shock and corrosion 
resistant 

Wire size range 22-10 AWG 
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CERTI-SEAL SPLICES / 
AMPLI-NYL TERMINALS AND SPLICES — 
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serrated inner barrel for ' ® combined wire size range 22-2/0 AWG 
maximum tensile strength : ® exceed millivolt-drop specifications 
; @ finest nylon pre-insulation 
e shock and corrosion resistant : 
-@ color ease by wire size oi 
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E CIRCUIT RELIABILITY 
S VITAL ..: 


... AMP's product is moréthan fine 
circuit terminals .. . ‘ae than 
remarkably) precise cofipression- 
crimp tooling . .. more than an error 
free, fast¢hethod of attachment. 


AMP’s pfoduct is finished crim PATCHCORD PROGRAMMING UNITS 
typet rminations on your n your circuitry (Airborne 240" shown) 
wires . .. by the fundreds or mil- ° universal or shielded systems 
( lions . . . of the highest reliabilit ° eee pre-cleans pins 

¥ - + + performing undé deny gruelli  fylon sleeve insulates and firmly seats 

&, conditions . . . from basic me en patchcord pin in board 

yi, to complete patchcord syste J contacts have rear board accommodation for 

¥ taper pins to provide reliable solderless lead 

Ss, terminations 
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: electronic and ; instrumentation application : 
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polarized to “prevent improper coupling- 
has Kaemberes cavitie es to. 


(ia ea a: “ON THESE FOUR PRODUCT LINES IS AVAILABLE ON REQUEST. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia * Canada « England « France © Holland « Japan 
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What's Behind The VTOL/STOL Dilemma? 


After six years of research and test-bed flight 
designers are in disagreement over best design concept. 
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THE COVER STORY 


Prime objective in the Mercury program 
is recovery of a manned capsule from 
space. It is NASA's highest priority 
project. Ground tests, like the wind- 
tunnel set up shown, and flight tests, will 
prove capsule and systems design before 
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first manned shot in 1961. See page 26. 
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and 56th Sts., Philadelphia 39, Pa. SHer- 
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Accepted as controlled circulation publica- 
tion at Philadelphia, Pa. Copyright 1960 
by Chilton Company. Published monthly. 
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issues $2.00. Foreign $20.00 per year—single 
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Matthews Press Stamping Dies are ma- 
chined, engraved, and heat treated from 
a choice of over 50 grades of tool steel 
to provide the most suitable marking 
for your application. 


Roller dies and Flat Roll dies provide 
the finest marking with the least effort. 


Precision engraving of correct side 
bevels provides stress free marking and 
long die life. 
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Holders and type for flat and roll mark- 
ing designed with the same exactness 
are ideal where frequent changeover 
is required. 

For further information write 
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wm EDITORIAL 


The Next "Gap — 
VTOL/STOL Airpower? 


Off to another lag with a big rush. Not.space 
this time, but VTOL/STOL airborne mobility. 
How much money is allotted to VTOL/STOL? 
Too little! So, along comes ’65 and we won't 
have what it takes 


again. 

Concern over the missile race has caused sad 
neglect in other areas of our defense posture. 
Vertical and short take-off aircraft funding should 
go hand-in-hand with missile mobility for the 
defense mission that the military has outlined. 

One of the biggest problems today is anti- 
submarine warfare (ASW). Here’s one area where 
VTOL’s can do an excellent job. Needed are 
increased range and payload. Electronic equip- 
ment must be modified to eliminate noise pickup 
from the aircraft, namely the power plant and 
rotor. 

Still another mission for such a craft, supply 
Polaris missiles to the nuclear submarine fleet. 
VTOL’s attached to surface ships would make 
for even less vulnerability of the subs, if the 
VTOL’s had a range of 2000 to 3000 miles. 
Think of the mobility of such a striking force. 

With a ban on nuclear warfare in the offing, 
we must also have craft for airborne assault to 
achieve vertical envelopment. Such aircraft must 


be able to operate with little or no airfield. To 
support ground troops the Mach 2 VTOL/STOL 
fighter-bomber is a must on the list, as well as 
rescue and logistics support aircraft. 

Some monies have been coughed-up, but 
again on a hit and miss basis. There is no stated 
policy by the military. Is it possible after six 
years of varied research and spending that enough 
facts have not been assembled to make an intelli- 
gent evaluation of the problem? 

Are we in for another hassle of investigations 
when we fall flat on our face in the VTOL/STOL 
area? We certainly don’t want confused spend- 
ing and a lot of hindsight by ’65. 

All of the VTOL/STOL makers certainly 
would like to know the direction the Armed 
Services want to take and then go all out to 
assist those Services. Intelligent planning could 
give us a terrific lead over all world competitors. 

We're supposed to have a well-rounded de- 
fense arm—missiles can’t do everything. 
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SOME PARTS OF THE FUTURE 
CAN BE SHAPED ONLY AT THE 
HUFFORD SPIN FORGE FACILITY 


Your source for complex and/or 
massive surface-of-revolution 
components, until now “too dif- 
ficult and expensive to attempt,” 
is the Hufford Spin Forge Facility 
at El Segundo, California. Here, 
Hufford Engineering Services, 
working closely with Hufford 
customers, is advancing hour by 
hour the threshold of spin forge 
# applicability. Giant, fully auto- 
mated Spin Forges are capable 
of shear forming a part 10 feet in 
diameter, 30 feet long. They can 
produce one part or a multitude 
of identical parts from high 
strength metals (to 1%” wall 
thickness) in minutes, whereas 
former methods would take 
days. For assistance in handling 
your surface-of-revolution parts 
production problems, contact 

° The Hufford Corporation, 1700 
_ E. Grand Ave., El Segundo, Calif. 
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is THIS* THE 
MISSING PIECE? 


The SINCLAIR-COLLINS VALVE Co. 


DIVISION OF 
INTERNATIONAL 
BASIC ECONOMY 
CORPORATION 


% Sinclair-Collins 6000 psi control valves 
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Does control of high pressure water or hydraulic 
fluid in launching, test or ground support 
equipment circuits have you puzzled? 


Here’s the solution. The Sinclair-Collins 
diaphragm operated valve illustrated controls 
6000 psi pressure at high flow rates. S-C valves 
offer positive, fast control, bubble-tight 

sealing, compact size and ample safety factors. 
Bodies are machined from aluminum bronze 
billets for strength plus resistance to cavitation 
and corrosion . . . stems are stainless steel 

with Stellited seating surfaces for long life and 
resistance to cutting or wire drawing. 


Sizes range from 1/2 to 2 in. NPT; screw 

mounted; 2 and 3-way types; remote or direct 

electro-pneumatic control. For special 

applications, valves may be furnished with 

stainless or molybdenum steel billet bodies, for 

screw, screw-in flange or butt welding end 

mounting. Your Sinclair-Collins Field 

Engineer can provide application 

engineering recommendations. ° 


For more information, write for free Bulletin S-C 59. 
Address: Sinclair-Collins Valve Company, Akron 9, Ohio, 
Dept. AMM-460. x: 


es 


AKRON, OHIO 


Other INDUSTRIAL DIVISIONS of IBEC: The Bellows Co., Akron, Ohio 
Valea, Akron, Ohio « V. D. Anderson Co., Cleveland, Ohio 


(1BEC) 
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Guten 


The GAM-77 ‘Hound Dog"’—North American Aviation’s Missile Division, prime contractor. 
This air-to-surface missile is carried by heavy bombers of USAF's Strategic Air Command. 


BENDIX AC/DC PACKAGE GENERATES DEPENDABLE 
IN-FLIGHT ELECTRICAL POWER FOR “HOUND DOG” 


The “Hound Dog’’ missile adds 
still more reach and punch to SAC’s 
long arm. Carried by a B-52 bomber, 
the missile can be launched several 
hundred miles away from the target, 
and is capable of delivering a 
nuclear payload. 

Before launching, the missile’s 
electrical needs are supplied by the 
mother ship. Once ‘“‘Hound Dog’’ 
is on its own, a Bendix® AC/DC 
generator fully meets electrical 
power demands. In a great new 


breakthrough in voltage control, 
the unit is equipped with a Bendix 
transistorized static AC/DC volt- 
age regulator. The DC capacity of 
this Bendix AC/DC generator is 
provided with an addition of only 
five pounds in generator weight. 
Here is another example of the 
Bendix Red Bank concept of light- 
weight, reliable AC/DC power 
packages. 

Get further details from RED BANK 
GENERAL PRODUCTS DEPARTMENT. 


GENERAL PRODUCTS DEPARTMENT 


“Fed Gon Division 


EATONTOWN, NEW JERSEY 


West Coast Office: 117 E. Providencia, Burbank, Calif. 


**Hound Dogs’ ** Bendix AC/DC Generator, a 
brush-type unit rated at 9 KVA, 3 phase, 400 
cycle, 120/208 volts AC; 60 amps, 28 volts DC. 


Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17,N. Y. 


Canadian Affiliate: Aviation Electric, Ltd., P.O. Box 6102, Montreal, Quebec 
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RELIABILITY 


AND ee 
PERFORMANCE 


are our main products 


First, imaginative design; then 
experienced thoroughness 
through development, tooling, 
production, assembly and tests, 
all under strict quality control 
in an unusually well equipped 
plant ...we can help you solve 
your special problems... 
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also 


SOLENOID VALVES 
SELECTOR VALVES 
SHUTTLE VALVES 
PRESSURE REDUCERS 
FUEL PUMPS 
DEHYDRATORS 
COMPLEX PACKAGES 
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WRITE, wire, or phone for data, . | 


quotations and service. 
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MANUFACTURING C co. 
LAKE ORION, MICHIGAN 
PHONE: MYRTLE 2-2711 
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Reading Between The Lines 


. As lubrication engineer on the 
B-58 Hustler ... was very interested 
in “Lubricating X-15’s Hot Bearings” 
(A&M Feb. ’59). Our control-surface 
hinge-pin problem closely resembles 
that of the X-15, except that our loads 
are higher . . . and, our lubrication 
interval is “on assembly”’—for the 
life of the airplane, 2000 hr. Tem- 
perature requirements are from —65 
to 550° F, in some areas. 

We are at a loss to understand 
how AeroShell 5A meets Air Force 
requirement of —65° F on military 
aircraft. 

- would also appreciate know- 
ing how maintenance personnel can 
keep a grease gun with 60 psi at the 
nozzle on a Zerk fitting . . . Convair, 
as well as other companies, use MS 
15000 series fittings. Where design 
demands it, NAS 516 type are used. 

. appreciate your fine articles 

- more on lubrication. 

E. B. Palmer 

Senior Design Engineer 

Convair-Fort Worth 

A slight amount of confusion has 
resulted from reader Palmer’s excel- 
lent knowledge of lubricant specs and 
his reading between the lines of the 
published article. Article does not 
state that Aeroshell 5A meets —65°F 
requirements . . . it doesn’t 
only high temperature requirements 
are discussed in the article. At time 
of selection of X-15 lubricant MIL-G- 
3545 was used ... this requires 0° F 
operation which Aeroshell met (has 
since been improved). High temp re- 
quirement seemed more important 
than low, and the usual —65° F re- 
quirement was compromised to get a 
commercially available grease. Second 
item to get confused was fittings and 
pressures. Article states clearly that 
Zerk fittings were used in tests ... 
aircraft fittings are hydraulic type 
as Mr. Palmer suspects. Finally, 
grease pressure at fitting is actually 
over 2000 psi... the 60 psi air pres- 
sure supplied by the air-driven pump 
is stepped up about 36 times. 


Tall Order ... In Any Time 


. . most anxious to receive infor- 
mation .. . concerning typical selling 
expenses experienced in a specialized 
manufacturing field; namely custom 
designed and developed defense prod- 


Reader’ 


EE Se | eae MDI SRA 


s Orbit 


ucts such as SIC#1999 — Ordnance 
Accessories (N.E.C.) ... #3729 — 
Aircraft Parts, and Auxiliary Equip- 


ment (N.E.C.) including related 
products manufactured to detail draw- 
ings. 


Of particular interest . .. data 
establishing a range of selling ex- 
pense in relation to sales volume with 
particular reference to such expense 
elements as home office, field office 
and advertising. Categorizing the ex- 
pense information by convenient sales 
volume groupings would be most help- 
ful. 

Also, any information available 
concerning dollar cost per field man 
would be helpful . . . have reference 
to field office expense, communication 
costs, travel, etc. as would be gener- 
ated by a graduate engineer averag- 
ing weekly to monthly coverage of ap- 
proximately twenty customers within 
three to four hundred miles of his 
field office. 

Kindly advise at your earliest con- 
venience as to whether or not you 


have such information available or 
can recommend where it might 
promptly be obtained. 


E. F. Pain 
V.P.-Sales & Engineering 
Aero Supply Mfg. Co. 
Readers who feel they can part 
with such information should write 
directly to Mr. Pain. 


Informed Stockholders 


. .. We believe the article (“How 
Navy Will Monitor Polaris Firings,” 
A&M Feb. ’59) would be of interest 
to our stockholders, and we ask per- 
mission to reprint . . . giving proper 
credit. 

George Ewing 
Interstate Electronics Corp. 

You may reprint. Happy you have 
selected our West Coast Editor’s ar- 
ticle as a means of keeping your stock- 
holders informed. 


Missile Directory 


We recently published our 
Missile Directory and want to thank 
you for your cooperation in allowing 
us to reproduce the pages from your 
Aircraft & Missiles Handbook (1959) 
. looking forward to the 1960 edi- 
tion. 
E. W. Edmonds, Jr., Lt. Col. 
Headquarters Eighth Air Force 
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TubeXperience in Action 


Over 15,000,000 ft. of Superior stainless hydraulic tubing 
helps today’s aircraft and missiles to operate efficiently 


In the past 5 years more than 15,000,000 ft. of Superior 
stainless steel aircraft hydraulic tubing has been produced for 
use in military, commercial and private aircraft. 


Here are some of the steps taken by Superior to make certain 
its aircraft quality hydraulic tubing not only meets speci- 
fications, but saves time and money by eliminating rejects and 
provides long, trouble-free service life. 


Before material is released for production, it is metallo- 
graphically checked for grain size and characteristics. A 
chemical analysis is made,and wall runout is checked. Samples 
are pickled and checked for carburization. In production, 
intermediate annealing operations are 100% automatically 
controlled. Checks are made for metallic chips and other 


4 


foreign matter. Then, as a final inspection, all tubing is 100% 
hydrostatically and flare tested. We now produce to 18 current 
MIL, AMS and AN Specifications—and can supply many 
extras far above normal specifications. 


If you have a problem involving aircraft quality tubing and 
want the best combination of physical and mechanical prop- 
erties, including high strength, ductility, fatigue and corrosion 
resistance, and good working qualities, consult us. We spe- 
cialize in Seamless and WELDRAWN® stainless steel hydraulic 
tubing in AISI Types 304, 321 and 347 and in sizes from 
.012 through 1.125 in. OD. Send for Catalog 21 on stainless 
steel tubing. Superior Tube Company, 2053 Germantown 
Ave., Norristown, Pa. 


Syoerir Jule 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in, to Yin. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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Mognified view shows Ge Gm 
multiple steel wires that @ i 
make up ribbon’ wrap. 


Ultra high strength wire ribbon being formed into a rocket case on specially designed wrapping machine. 


UNIQUE BENDIX WIRE Ribbon Wrap REDUCES WEIGHT, 
INCREASES RELIABILITY OF ROCKET CASES 


Bendix has licked the problems of weight 
and reliability in flight weight pressure ves- 
sels. Secret of the Bendix-developed rocket 
cases: many tiny ultra high strength steel 
wires formed by adhesive bonding into a 
highly efficient ribbon. Weight and distribu- 
tion of the binding adhesive is precisely con- 
trolled. Result—rocket cases with test 
strength as high as 531,000 psi, equivalent 
to a hoop stress of 350,000 psi UTS in 


Bendix tivisron South Bend, wo. 


a homogenous case. A specially designed 
Bendix machine generates the rocket case. 
The best wrap pattern for each case is 
mathematically determined and precisely 
controlled. Finished product is a rocket 
case tailor-made for configuration, strength 
and reliability. 

For more complete information, write 
Rocket Equipment, Bendix Products Divi- 
sion, South Bend, Indiana. 
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The Bendix wire RibbontWnap gives 
you these important advantages: 


Design Flexibility 
Controlied Minimum Weight 
Close Tolerances 
High Temperature Strength 
Shortest Prototype or 
Production Lead Time 
Automated for Low Cost 
inherent Reliability 
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SUMMARY OF MANAGEMENT TRENDS AND TECHNICAL DEVELOPMENTS | \ 
IN THE AEROSPACE INDUSTRIES "= 


MISSILES AND SPACE VEHICLES 


Design 


NUCLEAR RAMJET plan applying air- 
propulsion principles to submarine- 
propulsion has been filed with the 
Patent Office by Boeing Aircraft. 


FLYABLE PLASMA ENGINES are now 
being designed at Republic Aviation. 
Firm has completed a second experimental 
model of magnetic pinch plasma engine. 
It is considerably larger than the 
first, which ran continuously for 118 
hr. Satellite and spaceship applica- 
tions are planned. 


PIONEER V contains the most power- 
ful radio transmitter ever sent into 
Space, a 150-watt UHF set. It sends 
data stored by "telebit" digital elec- 
tronic unit. Paint pattern insures 
proper payload temperature. Lithium 
heat sinks prevent transmitter over- 
heating. 


Development 


NUCLEAR ROCKET got a shot in the 
arm from AEC, which diverted $11,000,000 
into Project Rover development. Nuclear 
propulsion may be ready for space 
vehicles within five years. 


TEST STAND for single-chamber 1.5- 
million-lb-thrust engine is being built 
at Edwards AFB. 


PROJECT TRANSIT navigation sat- 
ellite is slated for launch this month. 


PERSHING DEVELOPMENT is being kept 
as "tactical" as possible during Army 
R & D flight tests. Tactical ground 
support equipment, such as the XM-474 
track-laying Pershing-transporter, is 
scheduled for early use. 


Aircraft & Missiles « April 1960 


ap iaicintss Auk 
a ee 


JETEVATORS ON POLARIS remain out 
of exhaust stream until commanded by 
guidance to change thrust-vector. Navy 
calls this system, and Polaris thrust 


termination control, major breakthroughs 
in missilry. 


BUILDING BLOCK ROCKET has been 
fired successfully at Aerojet-General's 
Sacramento plant. A solid-fuel type, 
it can be assembled according to vary- 
ing mission demands. 


Production 


PULSE CODE MODULATION (PCM) tele- 
metry system is being produced for 
Titan. 


ABLE STAR is in production at 
Aerojet-General. Slated for use with 
Thor for launching Transit satellite, 
it has stop-restart ability. 


DIRECTORY OF METALWORKING MA- 
CHINERY is now at the Government Print- 
ing Office. It is expected to be out 
by June. Defense Department also has 
Directory of Welding, Heat-Cutting and 
Metallizing Equipment near completion. 


ATLAS HARD SITE PROTOTYPE is being 
built at Vandenberg AFB. 


Procurement 


TWO SATURN CONTRACTS are expected 
to be announced by about the middle of 
May. One is for the S-l1V second stage 
of the early C-l model. Other will be 
for one of the stages on later C-2 
model. Eleven firms bid on the C-1l and 
about seven on the C-2. 


AIRCRAFT 
Design 


BRITISH VTO fighter and close 
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support aircraft is expected to fly 

this Autumn. It is believed to be either 
the deflected jet or ducted fan var- 
iety . . . perhaps a combination of 
both. Called the P.1127, plane was 
designed by Hawker Aircraft. 


GERMAN VTO design project is re- 
portedly centered in Munich. Messer- 
schmitt and Heinkle are said to be the 
chief airframe manufacturers in the 
work. The Bolkow organization will re- 
portedly be responsible for the arma- 
ment. 


DORSAL-MOUNTED TEST WING is being 
fitted on an obsolete bomber at the 
College of Aeronautics, Cranfield. This 
"shark's fin" wing will be equipped 
for tests of theories developed by Dr. 
Lachman of Handley Page over the past 
ten years. 


VERTOL 76 control 
improved by elimination of directional 
fan on its tail. NASA's evaluation of 
the 76 at Langley Field winds up this 
Spring. 


LOCKHEED ELECTRAS now have fixed 
air exit louvers flush with fuselage. 


GROUND-EFFECT/STOL aircraft has 


been designed and wind-tunnel-tested in 


model form. This Vertol model uses a 
ducted fan to lift the craft two or 


three fet above the ground. Plane then 
takes off in STOL fashion as air is 
ejected from wing trailing edge. 


system may be 


Development 
AUTOMATIC LANDING SYSTEM which 
can land two airplanes a minute during 


bad weather is in development at Bell 
Aircraft. 


AIR_ FORCE PLANS reportedly now 
favor development of an STOL (short 
takeoff and landing) fighter for the 
mid 1960's The Mach 1 STOL would 
get most of uncommitted Fiscal '60 De- 
fense Department funds set aside for 
an operational VTOL. Rest of these 
funds would go towards R&D on a VTOL 
fighter for the 70's. Oral presentations 
by industry have been underway at 
Wright Air Development Division on a 
VTOL or STOL transport for the 
mid-sixties. 


ARMY STOL/VTOL PLANS center around 
need for new light observation craft, 
and for a forward area transport. Heli- 


copter appears to occupy a favored place 


12 


for aerial reconnaissance. STOL seems 
to be favored for the transport. 


AVROCAR is undergoing wind-tunnel 
tests at NASA's Ames Research Center. 


GERMAN VTOL CRAFT will reportedly 
be developed with Rolls-Royce engine 
called the RB.153. This is believed a 
development of the RB.145 which was 
specially designed for vertical take- 
off operations. 


NEW FRENCH ENGINE for light air- 
craft is being flight-tested. This air- 
cooled unit developed by Potez is re- 
garded as first real competitor of 
the U. S. Continental and Lycomings. 


ICE DETECTION DEVICE developed by 
Armour Research Foundation uses two 
translucent plastic rods placed a frac- 
tion of an inch apart on the plane's 
wing. Ice causes light to refract from 
first rod into second rod, where it 
activates an electric eye. 


BUG WIND TUNNEL is operating at 
Chance Vought's Aeronautics Div. Bees 
and flies are blasted against B-52 wind- 
shields from 7-inch diam. tube. Special 
chemical on windshield prevents insect 
smears and water collection. 


Production 


DOPPLER NAVIGATION UNITS for the 
Royal Navy are in production at Ryan 
Electronics. Called AN/APN-97A, units 
help anti-submarine helicopters main- 
tain hovering. 


X-15 POWERPLANTS, now being pro- 
duced and tested at Thiokol's Reaction 
Motors Div., are actual flight-type 
engines. Previous model was developed 
for ground runup testing. First of the 
flight powerplants is slated for de- 
livery to NASA and the Air Force in the 
near future. This "big engine" may 
power the X-15 by the middle of May, 
about six weeks after delivery. 


Procurement 

CONGRESSIONAL INVESTIGATORS are 
examining past procurement of F7U 
fighters, T2V trainers and APS-44A radar 
sets. Comptroller General Joseph Camp- 
bell charges the Navy spent $607,800,000 
on them although it knew of serious 
deficiencies. 
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Fourteen No, 2 LINK-LOCK "fasteners > 


ipressuretigit Sait around cove 


Before they take to the skies, Falcon air-to-air guided missiles 
are shipped or stored in containers sealed pressure-tight by 
Simmons LINK-LOCK fasteners. 

These precisely engineered fabricated aluminum cases are 
produced to Hughes Aircraft Company specifications by the 
following companies: Vendorlator Manufacturing Co., Fresno, 
California; Allison Steel Manufacturing Co., Phoenix, Ari- 
zona; Avco Corporation, Crosley Division, Richmond, Indiana. 

Features like these make the LINK-LOCK ideal for use on 
military cases made to rigid specifications as well as on inex- 
pensive commercial containers: 


* Impact and drop resistant. 

* Positive-locking without springs. 

* High preloading and high load carrying capacity. 
* Compact design—lies flat open or secured. 

* 3 sizes, for heavy, medium, light duty. 


* Flexible engagement latch design...can be varied 
to suit different applications. 


Write for Catalog #1762. Contains complete details of LINK- 
LOCK and other Simmons Fasteners with unlimited money- 
saving applications. Samples and engineering service available 
on request. 
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April 5-8 
National Aeronautic Meeting 


Society of Automotive Engineers 
Commodore Hotel, N. Y. 
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April 6-8 


* 
’ a = National Meeting 
. ¥ 4 - H a Institute of Environmental Sciences 


as; egy Biltmore, Hotel, Los Angeles 


|) EXPOSITION - 1960 | --: 


E 

(ee | Conference on Structural Design 

| 1 , | ; ra of Space Vehicles 

i ee i Gee an, aan, en - American Rocket Society 

| | oe 7 ie is Biltmore Hotel, Santa Barbara, Calif. 
| 

& 


. § 
fe Ge Ge FREES GD eS ig 
1 Electrical Engineering in Space 


WIT eR Technology 
j American Institute of Electrical En- 


oe © Ee ER CNNTERNATIONAL AMPHITHEATRE | incr. 
i Hotel Baker, Dallas, Texas 
CHICAGO, ILLINOIS 


& April 12-13 
j BR | SEPTEMBER 6-16 Spring Technical Conference 
ae | i. Institute of Radio Engineers, 
wee r | a | : American Rocket Society 
gti, & Be Hotel Alms, Cincinnati, O. 
§ 
April 18-20 
sip Symposium on Chemical Reactions in 
R="s a NATIONAL the Lower and Upper Atmosphere 
i : Stanford Research Institute 
GE Se ae as, 
ie MACHINE TOOL BUILDERS’ Mark Hopkins Hotel, San Francisco 
Paw ASSOCIATION 
April 20-22 


Meeting on Manned Space Stations 
Institute of the Aeronautical Sciences 
NASA, The Rand Corp. 

Los Angeles, Calif. 


April 25-29 

41st Convention and Welding Exposi- 
tion 

American Welding Society 

Biltmore Hotel, Los Angeles 


April 27-28 

Symposium on “Materials-Key to 
Space Flight” 

American Society for Metals 
Sheraton Gibson Hotel, Cincinnati 


April 28-29 

Symposium on “closed circuit 
respiratory systems” 

Wright Air Development Div. 
Wright Patterson AFB, O. 
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© Desigw youn seals and gaskats [ov 


100% GREATER TENSILE and TEAR STRENGTH 


; SILICONE 
vith “SILICOL’ pusser sHect 


REINFORCED WITH 
FIBRE GLASS 
OR NYLON FIBRE 


lek: paste ‘Eh iteveti... +a 


Mi “SILICOL” SILICONE RUBBER 


“Silicol” Rubber Sheet thus strengthened pro- 


© ater ociee tea pea 


vides the extra “toughness” desired by design Sn 
engineers for rubber components subject to - 
severe stress-strain forces... PLUS resistance = 
to temperature extremes, and the many other q 
chemical and physical properties naturally in- a 
herent in silicone rubber. “Silicol” reinforced a 


sheet is available for custom compounding, 
molding, and die cutting by Colonial, and may 
also be obtained for die cutting and fabricating 
in your own plant. 


Whatever the requirement . . . electrical insula- 
tion, diaphragms, gaskets ...if high tear and 
tensile strength is required, reinforced “Silicol” 
can meet the most rigid specification. Send 
pertinent details and prints with your inquiry. 
Analysis and recommendations will be returned 
promptly, together with information on Colonial 
Rubber Co., and its ability to serve you quickly 
and economically. 


VISIT COLONIAL AT ¢° 
THE DESIGN 3 
ENGINEERING SHOW 


RUBBER COMPANY 


Et 706 Oakwood Street AXminster 6-9611 
BOOTH 934 
*Reg. T.M. Colonial Rubber Co. , : RAVENNA, OHIO 


1743-A 
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Now on Atlas, Titan & Centaur Missiles 


LEONARD PILOT OPERATED RELIEF VALVES 


with operating temperature range of — 3 2 O'r to + 2 0 0; 


These two Pilot Operated Relief Valves, currently in production at 
Leonard, have zero leakage over a temperature range of —320°F 
to +200°F, and withstand the extremes of shock and vibration. 
Featuring a unique pilot operated circuit, the units are small in size, 
and but 14 ounces in weight. Their reliability and accuracy has 


gained for them wide recognition as ideal missile components, as 
well as for many ground and static applications. The two valves 
shown are typical of the many relief valves that have been produced 
by Leonard which cover wide ranges of pressures, medias and flow 
conditions. Note the detailed specifications. 


Please visit our Hospitality Suite at the ISA FLIGHT TEST SYMPOSIUM—May 2-5 + Hotel De/ Coronado, San Diego, Calif. 


Model #193060 


SPECIFICATIONS + MODEL #193060 


Media Helium 
Cracking Pressure 385 psig max. 
Reseat Pressure 370 min. 
Flow -15 Ibs/sec. 
Leakage 55 cc/min @—320°F 
Operating Temperature —320°F to +200°F 
Vibration 30 G 10 to 2000 cps 
Acceleration 20 G's 
Weight 14 oz. 
Overall Length 5.40 in. 
Response Time 5 ms. to full open 


DESIGN PARAMETERS + MODEL #193060 


Maximum Flow .36 Ibs/sec. 
Cracking Pressure 250 to 1000 psig. 
Media GOX, Hydrogen, Nitrogen, 


and other gases 


Model #193200 


SPECIFICATIONS - MODEL #193200 


Media Helium 
Cracking Pressure 32 psig max. 
Reseat Pressure 29 min. 
Flow .032 Ibs/sec. 
Leakage 5 cc/min @ —320°F 
Operating Temperature —320°F to +200°F 
Vibration MIL-E-5272, Proc. 1 
Acceleration 20 G's 
Weight 14 oz. 
Overall Length 6.00 in. 
Response Time 5 ms. to full open 


DESIGN PARAMETERS + MODEL #193200 


Maximum Flow .2 Ibs/sec. 
Cracking Pressure 30 to 250 psig. 
Media GOX, Hydrogen, Nitrogen, 


and other gases 


The relief valves featured are typical of the more than 200 precision pneumatic and hydraulic pressure control devices which 
have been developed during the past 10 years at Wallace O. Leonard, Inc., and are now standard equipment on all ICBM'’s. 
Leonard product classifications cover: Regulators + Valves » Switches +» Flow Restrictors » Primary Pressure Source « Servo Trans- 
ducers — Flight Test Systems, Pressure Ratio Computers, Lox and Fuel Tank Level Computers + Systems— Tanking Computers, 


Primary Pressure Standards. 


Leonard craftsmen and advanced technical personnel have built an enviable 
reputation for superior products for missile guidance, control and ground 
support applications. May we have the pleasure of reviewing your specific 
requirements in these areas? For consultation and information please write to: 


Eastern Sales Representatives: BRIERLEY, DAVIS COMPANY 


Wallace O. Leonard, Inc. 


373 South Fair Oaks Avenue « Pasadena, California 


332 Springfield Ave., Summit, N.J. - Telephone CRestview 3-7300 - TWXK—SUMMIT NJ 355 Telephone SYcamore 2-7131 « TWX—PASA CAL 7321 
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What's Behind the 
VTOL/STOL Dilemma? 


Six years of research leaves experts in doubt 
on best overall configuration for winged VTOL craft; 
"Fan-in-wing’ powerplant scheme could force course 


After 


six years of research, 
experts still disagree on the opti- 
mum VTOL/STOL configuration. 

No single design concept has 
yet been adaptable to both attack- 
aircraft and to transports, the dif- 
ficulty being in making high-lift 
devices compatible with high 
speeds. 

Indications are, however, that 
attractive VTOL power-plants will 
soon cause design efforts to funnel 
into more specific directions. 

Influential Newcomer—A rela- 
tive newcomer in the propulsion 
field is one of the forces that will 
cause a congealing of design trends. 
It is known as the ducted-fan con- 
cept, also fan-in-wing, or sub- 
merged fan. Engine thrust is di- 
verted to the lifting fan for vertical 
and transition flight only. In for- 
ward flight, the fan is “out of the 
way” both aerodynamically and 
propulsion-wise. 

It provides a versatility of de- 
sign which allows application in the 
full aircraft spectrum, from heavy 
transport-to-light fighter. Propulsive 
efficiency lies between the turbo- 
prop and the turbojet. 

Basic Approach — There are 
three basic methods of converting 
propulsive power to lift power in 
the fan-in-wing concept. They are: 

@ Shaft turbine 

@ Turbodrive 

@ Turbofan 

In the shaft turbine, the lifting 
fan is driven directly from the shaft 


<—_————— Circle 17 on Inquiry Card 


which drives the compressor in the 
main gas turbine. It provides an 
efficient system, for speed ranges 
typical of propeller driven aircraft. 

The turbodrive is suited to 
transonic flight. The ducted fan is 
driven by a shaft connected to a 
secondary turbine in the main pro- 
pulsion unit. It is closest to ducted 
fan state-of-the-art for high pez- 
formance flight. 

The turbofan eliminates shaft- 
ing and gears. It is inherently the 
most reliable because it is the most 
simple. But, it suffers from the 


GEARBOX 
SHAFT 
re 


TURBOJET ENGINE 


VALVE / DEFLECTOR 
la“ 
Fiat 
\ 

y | EXHAUST DUCT 


<.-—~TAIL PIPE NOZZLE 


TURBINE 
GLACES TURBO FAN 


TURBOJET ENGINE 


EXHAUST DUCT 


TURBINE ~ 


TURBO ORIVE 


FIG. 1. BASIC DESIGN schemes 
for three ducted fan concepts are 
shown. Turbofan has great poten- 
tial. 


standpoint of immediate response 
and efficiency. There is some heat 
loss in the ducts which transport 
thermal energy from the main 
powerplant to the fan in the wing. 
This arrangement has great poten- 
tial despite its current short com- 
ings. It is just slightly beyond the 
state-of-the-art for immediate use. 

Ryan’s Vertifan—One of the 
leaders in developing the turbofan 
approach is Ryan Aeronautical Co. 
Ducted, fan-in-wing jet power was 
first studied at Ryan in 1955. The 
concept presently known as “Verti- 
fan” sprang from this research. In 
July, 1959 ARDC awarded Ryan 
a contract to study an entire “sub- 
merged-fan VTOL aircraft.” Gen- 
eral Electric’s Aircraft Gas Turbine 
Div. has assisted in the study. 

In Vertifan, jet engine thrust is 
the sole source of power for VTOL, 
and for transition from low for- 
ward speed to high speed. The 
power plant installation is basically 
conventional. Vertical takeoff is ac- 
complished by diverting jet thrust 
to the free-turning fans buried in 
the wings (See fig. 1.) In the proc- 
ess, the high-energy, small mass- 
flow of the jet is converted to a 
low-energy high mass-flow with a 
decreased exit velocity. The result 
is an increase in vertical thrust. 

The layout consists of an inlet, 
the jet engine itself, a diverter valve, 
a tailpipe and a tailpipe nozzle. The 
diverter valve is situated in the tail- 
pipe and diverts jet engine exhaust 
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SOLVING THE VTOL DILEMMA .. 


- continued 


Ryan Vertifan concept shows potential 
for attack-aircraft and transports 


into a scroll. This scroll surrounds 
a fan located in the chord plane 
of the wing. Around the periphery 
of the fan is a turbine ring with 
turbine blades attached. Above and 
below the fan on the wing upper 
and lower surfaces are wing vanes, 
or louvers. These vanes are per- 
pendicular to the chord line during 
hovering allowing fan-moved air to 
go straight through. 

During transition, the upper 
vanes slant forward, directing air 
into the fan. The lower vanes slant 
rearward, directing slipstream from 
the fan aft for forward acceleration. 


Once stall speed is exceeded, 
the upper and lower vanes on the 
wings close, leaving a clean airfoil. 
Coincidentally, the diverter valve 
closes and allows the jet exhaust 
to go straight through the tailpipe. 
The airplane cruises as a conven- 
tional jet aircraft. 

Control Stability — Hovering 
stability is essential. In a jet VTOL 
the obvious way to obtain reaction 
control for hovering or transition, 
is to duct the gas to the tail or nose 
of the aircraft. In Vertifan, rather 
than direct this air flow overboard 
through a nozzle, it will be used 
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SCROLL NOZZLE 


<<“ ACCELERATING 
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TURBINE BLADES 


a 


FAN SUPPORT 


mm BEAM 


to power a tail fan, or a nose fan. 
A very large amount of thrust is 
obtainable compared to the amount 
of thrust obtained from a pure 
reaction nozzle. Further, if only 
a portion of this thrust is required 
for control, a certain amount is 
available to compensate for center 
of gravity shift. 

Yaw control will also come 
from the forward and aft auxiliary 
control fans. Louvers, in this case, 
would be positioned to the left or 
right. 

Roll control will be obtained 
from differential lift of the main 
fans in the wings. 

Thrust-to-Lift — Fig. 3 shows 
the combinations of lift and thrust 
available in the Vertifan. The ordi- 
nate shows fan lift and the abscissa 
jet engine thrust. As an example, 
if 4000 Ib of jet thrust is available, 
a 60-ft diam fan operating at 300 
psf disk-loading will provide about 
9000 Ib of lift. In another case, if 
the same 4000 Ib of jet thrust is 
available, a 10-ft diam fan operat- 
ing at 110 psf disk-loading would 
provide about 12,000 Ib lift. 

Interburning — The actual size 
of the fan in the wing is important. 
In some cases it may turn out to 
be larger than the allowable wing- 
area. It is possible to reduce the 
design size of the fan with inter- 
burning. Interburning is a technique 
of introducing heat energy between 
the turbojet and the turbine fan. 
The energy increase is directly pro- 


FAN THRUST VS JET ENGINE THRUST 
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FIG, 2, RYAN’S VERTIFAN uses vanes on upper and lower surfaces of 
the wing to help guide air through fan-in-wing. Vanes are perpendicular 
to chord line in hover, closed to form a smooth airfoil in forward flight. 


FIG. 3. THRUST-TO-LIFT ratios 
can be figured using ordinate as lift 
and abscissa as thrust. 
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portional to the increase in absolute 
temperature of the turbojet mass- 
flow entering turbine fan. 

You get in this case, the same 
amount of lift from a smaller fan, 
or a greater amount of lift from 
any given fan size. 

What Progress? — Cursory in- 
vestigations have been made on air- 
craft ranging from very small per- 
sonnel carriers for high subsonic 
speeds through supersonic trans- 
ports. 

Supersonic aircraft as a matter 
of basic design require good area 
distribution, low profile drag, very 
thin wings, etc. Keeping good aero- 
dynamic principles in mind, com- 


* HOW TO SELECT FAN SIZE 


As an example of the factors which 
influence the size of the ducted fan, 
imagine this situation: (1) Aircraft 
with lift/drag ratio of 8 at cruise 
(thrust equal % gross weight), (2) 
Static thrust-to-weight ratio of 0.35 
in turbojet powerplants, (3) Vertical 
lift requirement 20 per cent in excess 
of gross weight. 

It would be necessary to increase 
static thrust of the turbojets 3 to 4 
times in this case to get desired lift. 
The turbofan could do this. If the 
conversion takes place with an effi- 
ciency of 7, we can write the follow- 
ing energy equation. 


v2 VF 
W; X — Xa = Wr X — 
j 2g n F 2g 
and since 
F sis 


vj = WW. x g (Momentum equation) 
i 


and Vr = — Xz 
we find the ratio of fan mass flow to 


turbojet mass flow defined by the 
simple relationship, 


Wr L, 9 1 


W; Fu a ” 

This means, that for a total effi- 
ciency of 70 per cent, we need a fan 
mass flow almost 17 times larger than 
turbojet mass flow. Thus, assuming 
that the frontal area per pound of 
air flow is approximately the same 
for both types of turbomachinery, we 
roughly estimate that the fan will 
have a frontal area 17 times that of 
of the cruise jet engine or A,y/A;=17. 
To obtain an idea of the relative 
magnitude of fan area and wing area, 
the following estimate is useful. 

We have already determined the 
ratio F,,/W, = 0.35. For cruise turbo- 
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pletely feasible designs have been 
made with fans submerged in wings 
with a thickness ratio of 4 per 


cent. Assuming 
ciency and good stability during 
transition it seems entirely reason- 
able, then, that supersonic cruise 
type aircraft, either fighter-bomber 
or transport, can be designed 
around the Vertifan concept. 
Hardware Not Built—Ryan de- 
signers say that they have been able 
to define a great many of the major 
parameters involved, through the 
use of wind tunnel test data. A 
considerable amount of informa- 
tion has been developed concern- 
ing the VTOL transition and STOL 


jets of the type considered, we can 
expect to obtain about 1400 Ib thrust 
per sq ft frontal area or 
Fyie/Aj = 1400 lb. 

Consequently, we find now the fan 
loading, 


Se Se a 
Ar Aj Ar Fsis i 
1400 


———— = 235 lbs/sq ft. 
17 X .35 


This should not be confused with 
the lift loading of the fan which in 
our case is 20 per cent higher, or: 

L L We 

Ar 
1.2 X 235 = 282 Ilbs/sq ft. 
With a fan loading of 235 lbs/sq ft, 
it is clear that, if we select a wing 
loading of W,/S = 47 lbs/sq ft, our 


total fan area Ay must be 20 per cent 
of our wing area or, 


Ar We ats 47 
ty oe 7: —_—.- 


If we now assume that 50 per cent 
of the total chord length can be made 
available for the installation of a lift 
fan, the geometric relationship shows 
that for the simplified case of a rec- 
tangular wing with 2 lift fans, only 
an aspect ratio b/c of about 2 is 
possible. 

If a wing loading of 23.5 lbs/ft® 
is selected, an aspect ratio of 4 be- 
comes possible. These examples illus- 
trate the definite limitations in wing 
geometry which must be recognized. 

If interburning is employed, T;,/T; 
ean be introduced into the energy 
equation. It then becomes, 

‘ Vv}? Tr , ve 

W; X 2g Xn X T, = Wr X 2g 


reasonable effi- © 


ne 
ae | 


areas. Consideration has been paid 
to the rather large inherent ram 
drag characteristics of the Vertifan 
concept. The necessary techniques 
to achieve transition have been 
evolved. A good many of the air- 
craft control and stability require- 
ments, in terms of the roll, pitch, 
and yaw moments incurred during 
transition have been determined. 
The hardware has yet to be built 


e 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila, 39, Pa. 


and the mass flow ratio becomes, 
Wr L \? 1 x 
W; ( Fyis as n 

Using Tr. /T; = 1.2 and 7 = .70 as 
before, the mass flow ratio and the 
corresponding area _ ratio become 
smaller by a factor of 1.2. The fan 
area now needs to be only about 14 
times as large as the jet engine 
frontal area and our fan loading has 
gone up to 286 lbs/sq ft. This, in 
turn, would make it possible to de- 
crease our wing area by a factor of 
20 per cent, increasing the wing load- 
ing by the same factor. This change 
would probably improve the cruise 
L/D, if cruise speed is held constant, 
or it may result in increased cruising 
speed. In either case, range perform- 
ance will improve. This advantage 
will have to be balanced against the 
increased hovering fuel consumption 
caused by interburning. 


Symbols 
Ar Fan frontal area (ft?) 
A; = Gas generator frontal area (ft?) 
F = Horizontal thrust (Ibs) 
Vertical lift (Ibs) 
Wing area (ft?) 
Ts =Total gas temperature at fan tur- 
bine inlet (°R) 
Total gas generator exit, tempera- 
ture (°R) 
W, = Gross weight (Ibs) 
Wr = Fan mass flow (Ibs/sec) 


nm 
oe 


Ln, 
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W; = Jet mass flow (Ibs/sec) 
= Sea level static 


From: The Ducted Fan in VTOL 
Aircraft Design, by Norman E. Nel- 
son, Journal of AHS, Vol. 4, No. 1. 
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Important facts to know about laminated plastics 


New Guide Developed by Taylor - 


wee 


LAMINATED PLASTICS SELECTION GUIDE... PART B ———— 
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tentative selections 
of the laminated 
plastics that most 
nearly fit your re- 


If you have specialized in metals and are consid- 
ering industrial laminated plastics as a material for 
certain components in your design for the first 
time, this newly devised Taylor Selection Guide 
will help you evaluate the different grades avail- 
able. The simplified properties chart lists the vari- consult us on the oo... 
design and applica- 

tion of laminated 

plastics and parts fabricated from them before 
making a final decision. Our application engineers 


quirements. Then Frglor Fiore ¢ j =m 


ous grades now produced and clearly indicates the 
properties in which they excel. An accompanying 
booklet gives helpful hints on the selection of lami- 
nated plastics for your specific application. Write 


for your copy of this handy Taylor Laminated 
Plastics Selection Guide today. Use it to make 


20 


will be glad to discuss them with you. Write Taylor 
Fibre Co., Norristown 50, Pa. 


Aircraft & Missiles ¢ April 
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 $implifies Laminate 


Suggested applications of different 
grades of Taylor Laminated Plastics 


For forming into intricate shapes, compound curves, 
and deep draws: Taylor Grade C-7—a phenolic resin, 
cotton fabric base, postforming grade. Also Taylor 
XX-7—a phenolic resin, paper-base postforming grade. 


For the fabrication of springs, silent gears, pinions, cams 
and bearings: Taylor Grade C—a phenolic resin, cotton 
fabric base, mechanical grade and Taylor Grade L, a 
phenolic resin, fine weave cotton fabric base grade. 


7 

a 
k. 
/ 
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For applications requiring high-strength retention at 
elevated temperatures: Taylor Grade GEC—an epoxy 
resin, glass-fabric base grade. 


For high-temperature electrical applications and high- ie 3 

frequency radio equipment: Taylor Grade GSC—a sili- ” f x 

cone resin, glass fabric base, high-heat-resistant electro- 

mechanical grade. LAMINATED PLASTICS VULCANIZED FIBRE 
Aircraft & Missiles ¢ April 1960 Circle 18 on Inquiry Card 21 
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An Aireraft & Missile Special / STATE YOUR CASE 
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Helicopters vs. 


tilt-wing vs. 


fixed-wing’ VTOL's 


Two engineering leaders speak out in defense 

of "sophisticated" concepts they pursue; 

AHS president warns that new schemes have lost 
basic advantage of "classic VTOL aircraft" 


The Trouble With "Sophisticated" VTOL Aircraft 


by Ralph P. Alex 


President, American Helicopter Society 


g ww 
ar 


AHS Pres. Alex 
flying barn doors 
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A large group of VTOL pro- 
ponents feel the helicopter can be 
superseded by exotic methods of 
flight. These would provide verti- 
cal takeoff without the present limi- 
tations of forward speed suffered by 
the helicopter. Emphasis in this 
area has retarded an early break- 
through in substantial performance 
increases and design improvements 
of the helicopter. 

Over the past several years a 
large amount of military R&D fund- 
ing has produced varied types of 
VTOL’s (tilt wing and ducted fan 
included). Most of these have pro- 
vided successful flight test conclu- 
sions. But, none have been sched- 
uled for service or production. All 
of these “sophisticated” types have 
shown one or several advantages 
over the pure helicopter. They have 
also lost the basic feature of the 
classic VTOL,; that is, the ability to 


effect a safe landing in event of 
power failure. Another feature that 
suffers in comparison, is the great 
increase in power requirements and 
fuel consumption. In most cases 
these eliminate carrying little more 
than the crew and verbal messages 
in lieu of payload. The period of 
the “sophisticated” VTOL has truly 
proved that “given enough power, 
one can fly, or hover, a barn door.” 
But, possibly people are not in- 
terested in flying a barn door. 

The tilt-wing concept has re- 
ceived much support. In project- 
ing the production version, most 
analyses indicate a reasonable pay- 
load, with short to medium-range 
capabilities. Comparing this con- 
figuration with an average present 
turbine-powered fixed-wing trans- 
port and then adding the additional 
engines and power required, addi- 
tional fuel and the necessary com- 
plications for conversion from 
VTOL to forward flight, the possi- 
ble payload disappears almost com- 
pletely. This indicated that, in order 
to meet the stated detail weights, 
great additional strides would be 
required in powerplant weights, 
structural design, and other areas 
far beyond the current state of the 
art. 

Another point is in instrument 
flight: In this category the helicop- 
ter, with suitable navigation aids, 
has distinct advantages over the 
other type VTOL’s which must de- 
pend on brute power for safe op- 
erating during this period. 

In the overall concept there is 
certainly room for the “sophisti- 
cated” VTOL, where its advantages 
far outweigh its disadvantages. But, 
it should be awarded a figure of 
merit both from Research and De- 
velopment and end use. The 
writer’s opinion is that the helicop- 
ter is well qualified and capable of 
doing 90 per cent of the VTOL mis- 
sions, and that the other types would 
be necessary for 10 per cent. The 
funds expended for progress should 
be in that proportion, and not the 
opposite as is the case at the present 
time. 
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Vertol's Dancik 
the best of six 


The Case for the "Tilt-wing" VTOL 


by Paul J. Dancik 


R&D Engineer, Vertol Aircraft Corp. 


During the past six years con- 
siderable effort has been given to 
VTOL/STOL aircraft capable of 
moderate subsonic speeds. For the 
military, operations from unpre- 
pared fields are foreseen; and, from 
a commercial standpoint, intercity 
transportation could be improved by 
operating aircraft from center-city 
locations. Another benefit derived 
from VTOL/STOL aircraft is in- 
creased safety. Approximately 
seventy-five percent of the airplane 
accidents occur either during take- 
off or landing, and particularly dur- 
ing an approach for landing. High 
approach speeds are an important 
factor. With lower approach speeds, 
in the neighborhood ranging from 
40 to zero mph, the pilot has more 
time to check his instruments, make 
proper control corrections, and ef- 
fect a safe low kinetic energy land- 


ing. 


*W. J. Stepnieweki, “Tilt Wing Air- 


craft in Comparison with Other VTOL 
and STOL Systems,” The Journal of the 
Helicopter Association of Great Britain, 
Dec. 1957. 
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Various types of VTOL/STOL 
aircraft have been suggested for an 
aircraft possessing these features. 
Vertol Aircraft Corp. concluded* 
that for a cruise speed ranging from 
200 to 450 mph, the tilt wing con- 
cept appeared most promising. Ver- 
tol studied six basic airplane con- 
figurations: (1) deflected slip stream, 
(2) fan-in-wing, (3) deflected thrust, 
(4) tilting duct, (5) tilt-wing, (6) 
hover-jet. All of these aircraft have 
hover capabilities. However, for the 
same gross weight, the tilt wing 
VTOL/STOL aircraft requires the 
least horsepower. 

To prove the feasibility of a tilt- 
wing aircraft, and confirm wind tun- 
nel test and analytical studies re- 
garding its feasibility, Vertol de- 
signed and manufactured in 11% 
months, a tilt-wing research aircraft 
under a contract with the Office of 
Naval Research, for the U. S. Army. 
This aircraft, designated the Army 
VZ-2 (Vertol 76), is illustrated in 
conversion from hover flight to the 
airplane configuration. 

Hover, airplane flight, STOL, 
and conversion flights have been 
demonstrated within nine flight 


hours. The ground and air flexi- 
bility of the VZ-2 makes the tilt 
wing a logical approach to the prob- 
lem of moderate subsonic flight with 
safe low speed and short takeoff and 
landing characteristics. 

Considering present technology, 
it is possible to design and build a 
VTOL/STOL aircraft which would 
have performance superior in many 
respects to conventional aircraft and 
helicopters. Studies and estimates 
show that the cost of VTOL/STOL 
need not be excessive. The tilt- 
wing fabrication costs should fall 
between the helicopter and airplane, 
yet provide hover capabilities with 
turbo-prop airplane cruise speeds. 
A commercial or transport tilt-wing 
would look no different than present 
day aircraft with the exception of 
possessing a smaller tilting wing. 

Although the VZ-2 test bed 
utilized tail fans for directional and 
pitch control, they can be replaced 
by incorporating longitudinal mono- 
cyclic control in the rotor propellers 
to provide pitch control during the 
hover and conversion flight. Direc- 
tional control would be effected by 
using differential ailerons in lieu of 
the directional fan. This eliminates 
the need for tail fans, or special 
thrust deflection devices in the fuse- 
lage aft end and places the entire 
control system in the rotor-props 
which are required. The rotors 
should be interconnected in the 
event of a power plant failure in 
one of the nacelles during hover or 
low speed flight. 

A two-rotor prop tilt wing con- 
figuration would have an engine in 
each nacelle to drive each rotor 
prop. An_ interconnecting shaft 
would be unloaded during normal 
operation, however, in the event of 
a power plant failure the intercon- 
necting shaft is there to drive the 
rotor prop which lost power thus 
providing symmetrical control. To 
design a four rotor-prop aircraft 
only a lateral extension of the exist- 
ing wing interconnecting shaft is re- 
quired. 

The breakthrough has _ been 
made in the VTOL/STOL field and 
practical and operational aircraft 
can be available in the near future. 
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Doak's Nelson 
tilting ring-wings 
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Doak 16 (Army VZ-4DA) 


The Case for the "Fixed-wing”"” VTOL 


by Norman E. Nelson Chief Engineer 


Doak Aircraft Co. 


I was asked to present the case 
for the “Fixed Wing VTOL.” How- 
ever, considering the Doak 16 
(Army VZ-4DA) as a fixed wing 
VTOL is not entirely correct; since, 
the tilting ducted fans are, in them- 
selves, highly efficient ring wings. 
This makes the aircraft a combina- 
tion fixed-wing, tilt-wing. It is cor- 
rectly referred to as a tilting ducted- 
fan. 

Doak’s early analysis indicated 
that the ducted fan had many in- 
herent advantages over the propel- 
ler, the rotor, and the turbo jet en- 
gine. Some of these advantages 
are: 

(1) Ducted propellers show ef- 
ficiencies approaching those of con- 
ventional propellers of larger diam- 
eter. Optimum fuel economy is 
therefore possible, especially when 
compared with turbo-jet engines. 

(2) Ducted propellers are small 
in diameter and light in weight when 
compared with free air propellers. 

(3) The small diameter permits 
the use of short landing gears and 
reduces the overall size of the air- 
craft. 

(4) Ducted propellers exhibit 
excellent static thrust at all disc 
loadings. This permits the use of 
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extremely small diameters when 
necessary due to configuration. 

(5) Due to the small diameter, 
lower weight and lower hyroscopic 
forces, ducted propellers are rela- 
tively easy to rotate for conversion 
from vertical to horizontal flight, 
and return. 

(6) Ducted propellers do not 
experience the adverse asymmetrical 
loading effects that conventional 
propellers exhibit in yawed atti- 
tudes, consequently, they are more 
adaptable to rotation from a verti- 
cal attitude to a horizontal attitude, 
and to steady operation at high in- 
termediate angles of attack. 

(7) The small diameter allows 
much higher rotational velocities, 
thus ducted propellers are more 
compatible with high RPM turbine 
power plants than are large slow 
turning conventional propellers. 
This high RPM leads to reduced 
shaft torque and reduced transmis- 
sion weight and consequently a 
smaller and lighter aircraft than one 
employing a conventional propeller 
or a helicopter transmission and 
rotor. 

(8) Lower propeller advance 
ratio variation is experienced by 
ducted propellers than with free air 


propellers in forward flight. Hence, 
the pitch change problem is less 
acute. 

(9) The small-diameter ducted 
propeller which permits the use of 
a short landing gear also permits 
the design of an aircraft that takes- 
off and lands in a conventional man- 
ner when the ducts are aligned 
horizontally. It also allows the air- 
craft to make STOL type take-offs 
and landings with the ducts in in- 
termediate positions. This is an 
important safety factor. 

(10) The small diameter ducted 
propellers which permit the aircraft 
to be relatively normal in configu- 
ration permit the use of a relatively 
conventional control system. This 
alleviates the problems of pilot 
transition from normal flying to 
VTOL flying and eases the control 
system design problems, since con- 
siderable conventional aerodynamic 
theory and data can be utilized. 

(11) The use of a fixed wing 
with ducted fans on the tips reduces 
the pitching moment in transition 
and adds to the safety of transition. 
The fixed wing operates unstalled 
throughout the entire flight range 
from hover through transition to 
high speed forward flight and re- 
turn. 

(12) Ducted propeller propul- 
sion permits flight speeds higher 
than the best attained with the 
latest conventional propellers. 

The ultimate design application 
of this type of propulsion would be 
in a VTOL/STOL aircraft which 
could utilize all of the advantages 
discussed above. A flight research 
prototype of such an aircraft has 
been designed, built, and tested un- 
der a U. S. Army Transportation 
Corps contract. 

The aircraft has completed an 
extensive flight test program. Its 
success has assured the future of the 
“tilting ducted-fan VWTOL/STOL 
aircraft.” 

+ 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila, 39, Pa. 
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Us- Fe CREATING THE METALS THAT SHAPE THE FUTURE 


Pioneering... 
yesterday... 


today... 


a 
wy 


- 


, and tomorrow! 


Pioneering is open in many fields as man stands on the 
edge of space. 


New metals and materials must be created to help 
carry him safely into space and back. 


The metallurgical research and production experience 
of V-R refractory metal specialists can serve your 
program by building metals to meet your specifications. 


Just give us your requirements for heat resistance . . . 
dimensional stability . . . density . . . resistance to wear and 
corrosion. We may be able to help you solve some of your 
problems. Our metallurgical know-how and complete 
production facilities are working full time creating 

metals to help pioneer a brighter future. 


: 
‘ 
\ 
\ 


- VASCOLOY-RAMET 


A774 894 MARKET STREET . WAUKEGAN, ILLINOIS 
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Design of Mercury Capsule 
and Systems 


Shingled cobalt alloy over titanium pressure vessel 
and ablation heat shield are main structural elements; 
Systems have manual and automatic features 

which introduce necessary complexity 


by M. A. Faget and R. O. Piland 


National Aeronautics and Space Admin. 


Fig. 1. CAPSULE DESIGN em- 
bodies outer skin of “shingled” 
cobalt alloy over a pressure vessel 
of twin titanium skins. Retro 
rockets and posigrade rockets are 
on blunt end. Escape rocket is 
mounted on tripod at opposite end. 
View ports are two layers of 96 
percent silica glass over two layers 
of aluminosilicate glass. 
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PRESSURE VESSEL is made in 
three basic parts. Tapered titanium 
sheets are beaded, then butt welded 
to conical shape. Two cones are 
then joined by seam welding the 
beads. Stringers and doublers are 
then added by spot welding. 


CROSS SECTION of capsule shows 
outer 0.0010-in. cobalt skin at- 
tached to pressure vessel with A286 
nickel-base bolts. Layer of fibrous 
insulation slows heat passage. Spot 
and seam welds have been made 
with 13 to 1 thickness ratio at joint. 


The basic objectives in Project 
Mercury are: 

@ Orbital flight and recovery of 

a manned vehicle. 

@ Studying man’s capability in 

the space environment. 

The intent from the outset has 
been to keep new developments to 
a minimum. Many of the Mercury 
systems, therefore, require only a 
logical extension of existing tech- 
nology. But, since mission require- 
ments and environment are quite 
severe, a certain amount of com- 
plexity is necessary. 

A ballistic reentry vehicle will 
be used, with an existing ICBM 
booster for propulsion. Retro rock- 
ets will initiate descent from orbit, 
and parachutes will be used as a 
landing system. Complete escape 
capability for the pilot during the 
boosted portion of the mission will 
be incorporated, since the boosters 
cannot be counted on to be com- 
pletely reliable. 

Design Requirements — While 
undergoing the vibration, heat, gyra- 
tion, and acceleration of entering 
and returning from orbit, the cap- 
sule must provide a livable environ- 
ment for the astronaut inside. Com- 
munications between the capsule 
and ground stations are almost a 
must. The capsule must also oper- 
ate as a fully automatic system for 
a number of flights before the pilot 
is introduced into the system. How- 
ever, when the pilot does fly, he will 
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have the capability for controlling 
the flight. The pilot will add a great 
deal of reliability to the flight sys- 
tems. 

Capsule and Escape System— 
Fig. 1 shows the capsule and escape 
rocket configuration. The capsule 
reenters with the blunt end forward. 
This end is protected by a heat 
shield made of fiberglass reinforced 
plastic. On the afterbody, heat is 
dissipated by radiation. This por- 
tion of the capsule is covered with 
metal shingles made of cobalt alloy. 
The shingles are corrugated for stiff- 
ness, and are about 0.010-in. thick. 
Underneath the outer structure is a 
pressure vessel made of two thick- 
nesses of 0.010-in. titanium. The 
pressure vessel is built to a spec 
which allows 500cc/min leakage. 


The retro package is on the 
blunt end of the capsule. It contains 
the three retro-rocket motors and 
the three posigrade rocket motors. 
The posigrade motors, which are 
the smaller, are fired at burnout of 
the booster and are used to effect 
separation with a velocity incre- 
ment of about 20 fps. 

The retrograde motors are fired 
at 5 sec intervals to provide a veloc- 
ity increment of about 500 fps for 
bringing the capsule out of orbit. 
Each retro rocket burns for about 
10 sec. The firing of the retrograde 
motors is interlocked with an atti- 
tude gate of +16 deg from the de- 
sired 34-deg nose-up, retrograde 
attitude. If the capsule attitude 
drifts out of this gate, the retro 
rockets will not fire. If one has 
fired, the sequence will be stopped 
until the attitude is corrected. 


The escape rocket is mounted 
on a tripod which in turn is con- 
nected to the capsule by a Marmon 
band. This rocket has a large total 
impulse to rapidly provide separa- 
tion of the capsule if the booster 
fails. If the failure is on the pad, 
the rocket will lift the capsule high 
enough to allow the parachute to 
open and return the capsule to 
Earth. During flight in the atmos- 
phere, the capsule escape rocket has 
a sufficient thrust-to-drag margin 
to separate the capsule from the 
booster. By jettisoning the escape 
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rocket and tower after Atlas stag- 
ing, while the velocity is still rela- 
tively low, only a small penalty is 
paid for this rather heavy system. 
Escape Initiation — There are 
several methods to initiate emer- 
gency escape from the booster. It 
can be done by the pilot, by the 
ground crew, or automatically by 
the booster itself. The pilot initi- 
ates an escape by twisting his left- 
hand grip. But, he can “eject” only 
after the Atlas has lifted a few 
inches. The test conductor in the 
blockhouse can initiate an escape 
at any time through a hard line to 
the booster. After lift off, an escape 
can be initiated through a command 
link. The booster itself automatical- 
ly initiates an escape if trouble is 
sensed in any of the critical booster 
systems. Both the Atlas and Red- 
stone boosters have abort-sensing 
systems. Both these systems are 
based on sensing the least number 
of quantities that will indicate im- 
pending failure of any type. De- 
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tailed analysis of past booster de- 
velopment problems show that the 
booster abort-sensing system will 
initiate an escape at least several 
seconds before a catastrophic fail- 
ure, 

Mission Sequence—The flight 
events during the Mercury-Atlas 
mission are controlled by a se- 
quencer in the capsule. Fig. 2 shows 
important events for a normal mis- 
sion, and the sequence of events that 
will take place in the case of an 
abort either before or after booster 
staging. 

The middle column indicates the 
sequence for a normal mission. The 
mission is started by a firing signal 
from the blockhouse. But, the 
pilot must first indicate his readi- 
ness for the mission by closing a 
switch which lights the “pilot-ready 
light” in the blockhouse. Shortly 
after booster staging, the escape 
tower is jettisoned, its high impulse 
not being required for escape out- 
side the sensible atmosphere. When 
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FIG. 2. MISSION SEQUENCE shows major events in Mercury flight. 
Middle column indicates normal mission. Left column shows abort prior 
to booster staging. Right column shows abort after booster staging. 
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MERCURY CAPSULE AND SYSTEMS . . . continued 


Flight-attitude controlled by H,O, thrust; 
Auto-system uses 2 attitude gyros, 3 rate gyros 


orbital velocity is attained and the 
sustainer is cut off, the posigrade 
rockets are fired to separate the 
capsule. The capsule autopilot then 
controls the capsule attitude through 
a series of maneuvers terminating 
with reentry after the retro rockets 
are fired. These will be discussed 
in detail later. At 10,000 ft, the 
main parachute is deployed and 
upon impact, recovery aids are put 
into operation. The reserve para- 
chute is used only in the event of 
main parachute failure. 

The left-hand column shows the 
series of events which will occur 
when an abort is initiated prior to 
booster staging. This would be an 
abort employing the escape rocket. 
The right-hand column shows the 
sequence of events that would take 
place if the flight were aborted after 
booster staging, but prior to sustain- 
er cutoff. In this type of abort, the 
impact area could extend over sev- 
eral thousand miles. Therefore, a 
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FIG, 3. INSIDE THE CAPSULE, the astronaut sits upright during orbit. 
Right hand grips attitude controller, left grips abort handle. Instrument 
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desirable impact area is selected by 
range monitors and the flight is con- 
trolied by the time at which the 
retro rockets are fired. 

The Satellite Clock—The events 
shown are only the major ones. 
They represent only a small portion 
of the actual number of events. Se- 
quencing is carried out electrically 
by a combination of timers, sensors, 
and barostats. The most important 
of these is the retrograde firing 
timer, which is called the satellite 
clock. This timer is preset prior to 
launching, but may be corrected 
during orbit through radio com- 
mand by the range monitors, or 
manually by the astronaut. 

Environmental Control — The 
environmental control system pro- 
vides the pilot with a suitable at- 
mosphere and cools the equipment 
in the capsule. There are two con- 
trol loops: the cabin circuit, and 
the suit circuit (Fig. 4). The cabin 
circuit provides cabin cooling. The 
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panel and periscope are in front of him. 
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suit circuit not only cools the air 
but removes odors, CO», and H,O, 
and replenishes the oxygen that the 
pilot has used. While aloft, the 
Mercury astronaut breathes a pure 
oxygen atmosphere at 5 psi. He 
wears a full pressure suit which re- 
mains deflated unless there is a 
pressure failure in the cabin which is 
also kept at 5 psi. The face plate 
on the helmet is normally open and 
must be closed manually by the 
pilot in an emergency situation. In 
the suit circuit, odors are removed 
by an activated charcoal bed, the 
CO, is removed with lithium hy- 
droxide, the air is cooled in the 
heat exchanger. Downstream of the 
heat exchanger water condensed 
from the air is caught with a vinyl 
sponge which is squeezed out peri- 
odically into a condensate container. 
Water is used as a coolant for both 
the suit and cabin. 

Attitude Control System—At- 
titude of the capsule can be con- 
trolled either by a completely auto- 
matic system or by a manual 
system. H.O. thrust chambers are 
used to provide correcting moments 
in both systems. 

The auto pilot used for auto- 
matic control consists of two at- 
titude gyros, three rate gyros, and 
logic and programming circuits. 
During the flight, the vertical gyro 
is erected by the infra-red horizon 
scanners. Erection is programmed 
every ten minutes. The vertical gyro 
is also constantly precessed in pitch 
to match capsule’s rotation about 
Earth. The directional gyro is 
erected at the same time as the ver- 
tical gyro. This is done essentially 
by aligning the gyro axis to elimi- 
nate apparent precession due to 
yaw error as the capsule rotates in 
pitch as it circles Earth. 

H.O, thrust chambers used in 
the automatic system are controlled 
by solenoid valves. To conserve 
fuel, two sets of thrust chambers 
are needed. For pitch and yaw, 
24-lb and 1-lb thrust units are used. 
For roll, 6-lb and 1-lb units are 
used. 

The manual control system has 
another complete set of throttleable 
thrust chambers. These are rated at 
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24-Ib thrust for pitch and yaw and 
6-lb thrust for roll. Each chamber 
can be operated either through a 
solenoid valve or a_ mechanical 
valve, depending on how the con- 
trol system is being used. The pri- 
mary method is a rate command 
system in which the pilot can, 
through his right-hand controller, 
command the rate of rotation in 
either of the three axes. In this 
system, the solenoid valves provide 
on-off control. Rate input is ob- 
tained from an additional set of 
rate gyros. In the event of an elec- 
trical failure, the pilot can operate 
the same control system directly, 
through mechanical linkages using 
the proportional mechanical valves. 
Analogue studies have shown that 
control through the mechanical 
systems will be much more difficult, 
particularly during retro-rocket fir- 
ing when it is expected that large 
upsetting moments will develop. 
The pilot may, as a third alterna- 
tive, control the thrust chambers of 
the automatic control system 
through electric switches on his 
controller. In this case, he would 
have neither proportional control 
or rate input. 

Automatic Control System 
Modes — The automatic control 
system will be operated in various 
modes during an orbital flight. 
There is the orientation mode where 
either high and low torque thrust 
chambers will be used depending on 
the magnitude of error. If there 
is only a small error of attitude and 
rate, low torque thrust chambers 
are used. At greater errors, the 
high torque thrust chambers are 
activated. 

In the retrograde mode only 
the high torque thrust chambers 
are used. They are activated at the 
same error which would have ac- 
tivated a low torque thrust chamber 
in the orientation mode. Thus, the 
retrograde mode provides a much 
tighter control which is necessary to 
overcome the upsetting moments 
of the retrograde rockets. 

In the orbit mode, a different 
type of control logic is used and 
only attitude sensing is required. 
In this case, small calibrated pulses 
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FIG. 4. ENVIRONMENT CONTROL system gives pilot livable atmos- 
phere and cools equipment in the capsule. System has two circuits: suit, 
and cabin. Pilot’s face plate is normally open. 


of thrust are used. This results in 
a long-period, lazy motion which 
will conserve the hydrogen peroxide 
propellant. 

The damping mode is the same 
as the orientation mode except that 
the attitude sensing is cut out. Dur- 
ing a normal mission, the automatic 
control system will be sequenced 
as follows: 

Immediately after separation of 
the booster, the automatic control 
system is in the damping mode for 
a period of about 5 sec. Then it 
is shifted to the orientation mode 
while the capsule is rotated 180 
deg in yaw and is pitched up 34 
deg into the retro-rocket firing at- 
titude. The capsule remains in this 
attitude for a period of about 5 
min. This is done so that the rockets 
may be fired quickly in the event 
range monitors sense that the cap- 
sule is not in a suitable orbit. At 
the end of this time, the capsule 
will be reoriented to the orbital at- 
titude which is 14 deg nose up. 
This is the attitude which places 
the pilot’s periscope axis normal 
to the Earth. 

After the capsule settles into 
the orbital attitude, the automatic 
control system is shifted to the orbit 
mode and remains in this mode un- 


til it is time for retrograde ma- 
neuver. At this time, the attitude 
control system shifts to the orien- 
tation mode and reorients the cap- 
sule to the 34-deg nose-up retro- 
grade attitude. It is then shifted to 
the retrograde mode while the 
retrograde rockets are fired. It is 
shifted again into the orientation 
mode, and reorients the capsule to 
the reentry attitude which is 14% 
deg nose down. It remains in the 
orientation mode until entry into 
the atmosphere is sensed by a 
1/20th g acceleration switch. The 
automatic control system is then 
shifted into the damping mode and 
remains in the damping mode until 
the main parachute is deployed. At 
this time, the remaining hydrogen 
peroxide is jettisoned through the 
pitch and yaw thrust chambers. 
Communication System — The 
various communication systems 
carried on the Mercury capsule are 
outlined in Fig. 5. Both UHF and 
HF frequencies are used for voice 
communications. These voice links 
are operated simultaneously. There 
are also two telemetry links, both 
in the UHF band, but one at a 
higher frequency than the other. 
As a backup to the voice communi- 
cation, the high frequency telemetry 
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MERCURY CAPSULE AND SYSTEMS. .. continued 


Data recorded by three on-board cameras, 
dual-track 8-hr tape recorder and cosmic ray film 


link may be keyed by the pilot. 
There are two identical command 
receivers, both operating on the 
same frequency, carried on the 
Mercury capsule through which 
three functions may be initiated 
from the ground. These are, re- 
setting the retro-timer, firing the 
retro-rockets, and aborting the mis- 
sion. The command receivers can 
also receive voice communications 
and this will be done simultane- 
ously with the UHF and HF links 
when the capsule is in range of 
the command transmitter. 


FIG. 5. COMMUNICATIONS SYSTEM 
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ll. TWO-WAY HF VOICE 
ill. TELEMETRY (UHF) 
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B. LOW-FREQUENCY 
IV. TWO COMMAND RECEIVERS 
(GROUND TO CAPSULE VOICE 
CAPABILITY) 
V. C-BAND RADAR 
Vi. S-BAND RADAR 
Vil. RECOVERY BEACON—UHF/VHF 
(SARAH/SEASAVE) 
Vill. oe UHF/HF TWO-WAY 
ICE 


The Mercury network uses both 
C-band and S-band radars and con- 
sequently both C and S-band radar 
beacons are carried aboard the cap- 
sule. As an aid to search and re- 
covery, a combination of the 
SARAH and SEA-SAVE beacon 
is carried on the capsule and is ac- 
tivated after the main parachute is 
deployed. In addition to the above 
equipment, there is a completely 
separate emergency two-way voice 
system of UHF and HF transceiv- 
ers 

While in orbit, all communica- 
tion links with the exception of the 
radar beacons, are multiplexed onto 
a common discone antenna, located 
in the truncated cone at the rear 
of the capsule. This portion of the 
capsule, called the antenna section, 
is jettisoned at deployment of the 
parachute. After the parachute 
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opens, the UHF links are trans- 
ferred to a monopole antenna which 
is directly in back of the cylindrical 
portion of the capsule. Upon con- 
tact with the water, the parachute 
is jettisoned and an HF antenna is 
deployed by a helium-filled balloon. 

Power Supply — The capsule 
gets electrical power from batteries. 
AC is produced by solid state in- 
verters. The battery power comes 
from three batteries. There is a 
main battery, and an auxiliary bat- 
tery which is isolated from the main 
battery. These two batteries are 
backed up by a standby battery 
which is switched in automatically 
if either of the other two fail. There 
is also a standby inverter which is 
automatically switched in, if either 
of the regular inverters should fail. 

Measurements — The types of 
measurements which will be made 
during the orbital and_ ballistic 
flights of the capsule are listed be- 
low. These measurements will be 
telemetered to ground tracking sta- 
tions and also recorded aboard the 
capsule by a tape recorder. The pur- 
pose of most of these measurements 
is self evident. In the areomedical 
area the pilot’s EKG, his respira- 
tion rate and depth, and his deep- 
body temperature will be measured. 
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On the unmanned flights, the voice 
communication system will be eval- 
uated by transmitting a prerecorded 
tape from capsule to ground sta- 
tions and at the same time record- 


ing on tape in the capsule, ground- 
to-space transmissions. 

Monitoring the satellite clock, 
which fires the retro-rockets, is par- 
ticularly critical piece of informa- 
tion which must be precisely tele- 
metered to the range stations. Since 
it may be necessary to change the 
setting of the retro-firing time by 
radio command during the flight, 
ground stations must have the ca- 
pability of monitoring the satellite 
clock. 

Cameras and Recording—The 
cameras and on-board recording 
equipment used in the capsule will 
be: (1) two 16-mm cameras, which 
photograph the pilot and the instru- 
ment panel. (2) one 70-mm camera, 
to photograph the horizon through 
one of the capsule windows. These 
cameras will not only film the view 
from the capsule, but will provide 
useful information on the status 
of the on-board equipment, the 
condition of the pilot and the mo- 
tions of the capsule during the mis- 
sion. There will be a two-track, 
8-hr tape recorder in the capsule 
to record various measurements 
made during the flight. Finally, 
there will be several cosmic ray 
film packs located near the pilot’s 
head. These emulsion packages will 
record intensity and the direction 
of cosmic rays encountered during 
the orbit. 

Air Cushion For Impact—The 
capsule will land on an air cushion 
formed by a four-foot skirt of rub- 
berized-fiberglass that connects the 
heat shield and the rest of the cap- 
sule. After the main parachute is 
deployed, the heat shield is re- 
leased from the capsule, drops the 
length of the four-foot skirt, and 
the bag fills with air. Upon impact, 
the air trapped between the heat 
shield and the capsule is vented 
through holes in the skirt and the 
portions of the capsule which are 
not air tight. The desired cushion- 
ing effect is thus achieved. 
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of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila, 39, Pa. 
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ecrets of Successful Seal 


Fundamentals — No. 1 of A Series 


SPACE — Around Sealol the bane of our 
existence is the job which comes to us 
designed in toto — “no changes allowed. 
Please fit your mechanical seal into this 
space”. If there isn’t space enough, the 
solution will usually be a compromise with 
performance standards sacrificed. As an 
example, a 1” diameter shaft will require 
a standard Sealol seal with a .531” oper- 
ating range and a mating ring preferably 
.250” for a total of .781”. This particular 
seal allows .020” for tolerance stack-up 
and shaft end motion. But suppose you 
have allowed us only .700” with a stack- 
up tolerance of .040”? We may be able to 
reduce the space required for the seal 
without sacrificing performance but only 
if the stack-up tolerance can be reduced to 
.020”. In some cases selective assembly or 
shimming can produce satisfactory oper- 
ating life with a bare minimum of axial 
space. Moral — Send us your design 
before it is frozen. 


P.S. Diametrical space requirements do 
not bother us, but we do urge you to take 
into account the relative co-efficient of 
expansion of the stainless steel cup of our 
seal and the material into which you want 
it assembled. Sealol’s Bulletin #7, Page 6, 
has some charts which may be helpful. 


CHARACTERISTICS — In the old days, 
say ten years ago, you could spot an indus- 
trial seal application as distinguished from 
an aircraft high-performance type of appli- 
cation, a mile away. The former provided 
for rotation of the axial movable part — 
the latter invariably provided for these 
axial movable parts to be stationary in 
respect to the shaft. Times have changed, 
but designers generally favor the station- 
ary seal where overall axial space is at 
a premium since it requires only 40 to 70 
percent of the space of a rotary seal. 
Naturally, they are also much lighter. Fur- 
thermore, when shafts start turning at 
speeds beyond 5000 RPM, springs, pins 
and assorted hardware have a way of losing 
their functional abilities and for these 
situations, the stationary seal is mandatory. 
On the other hand, rotating seals are usu- 
ally more rugged in their construction, and 
they are self-cleaning. They are used exten- 
sively on industrial pumps, blowers and 
compressors. We don’t propose to be too 
dogmatic about the small table shown 
below, but it serves to delineate our present 
a for stationary and rotating 
seals. 


MAXIMUM OPERATING CONDITIONS 


Stationary Rotating 
Seal Seal 
aan 00,000 RPM — ¥/,”” Dia. 


Temp. | —425° to + 1000°F | —60° to +-450°F 
Pressure 2,000 psi | 1,200 psi 


Note: Maximum conditions indicated do not 
mean that all are available in a single seal. 


Viton-A and Teflon are registered trademarks of 
E. |. du Pont de Nemours & Co., Inc. 
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PRESSURE — One of the most critical 
conditions, but one of the most inconsist- 
ent, is pressure. Many the time there has 
been much Sealol head-scratching over a 
2 Ib. pressure differential in one test rig, 
whereas pressures in excess of 2000 Ibs. 
were being handled in routine fashion in 
an adjoining rig. We would be delighted 
to exchange data with you on pressure 
phenomena, but in the meantime, you 
may be interested in the following tidbits. 
Since operating life of a seal is a function 
of face load, pressure considerations can 
be really critical. We design to a unit face- 
load usually of 8 to 40 psi. depending, of 
course, on the spring and area involved. 
Hydraulic pressure of the fluid being 
sealed and the fluid film pressure across 
the seal face must also be reckoned with. 
Around our premises, our engineers ban- 
ter back and forth a semantic generality 
called ‘seal balance’. If you are interested, 
ask us for NCIH Paper “Factors in 
Designing for Mechanical Seal Applica- 
tions to Hydraulic Equipment”. Seal size 
has a considerable bearing on pressure 
capability, and as shaft diameters go up into 
sizes, say above 12 inches and pressures go 
to 500 psi, seal ring sections become quite 
massive to prevent distortion. Inciden- 
tally, 100 psi is about the maximum pres- 
sure we recommend for an unbalanced 
seal. For higher pressures, we must reckon 
with interface film destruction resulting 
from non-balanced face loads. 


SHAFT SPEED — Top-flight designers are 
certainly stretching seal performance in 
many ways. Not the least is your incred- 
ible ability to cram into minute space 
great horsepower performance. This is 
meaningful to us, because the shaft speeds 
you now call for are exceeding, in many 
instances, speeds of 50,000 RPM. Of 
course, a 100,000 RPM — '%” shaft is 
probably within the capability of existing 
seals, but from a seal standpoint, the 
relative surface speed of the seal faces 
should not exceed about 18,000 FPM 
under ideal conditions. Irrespective of face 


Design 


materials, this seems about maximum for 
full contact and leakproof sealing today. 


TEMPERATURE — As seal designers, our 
temperature goes up when you ask us for 
high performance beyond 450°F. ambi- 
ent. This is about the usable limit for 
today’s elastomers, such as Viton-A and 
Tefion. However, this too may be mis- 
leading. There are Sealol-Flexibox elas- 
tomeric packed seals doing a beautiful job 
in oil refineries with pump temperatures 
of 750°F. The secret here is, of course, 
controlled temperature at the seal to pro- 
duce seal ambients below 450°F. How- 
ever, within the last two years, Sealol’s 
welded bellows seals are performing well 
at temperatures to 1000°F. Our thought 
for the day — if it can’t be cooled to within 
elastomeric limits — consider the all metal 
welded bellows seal. 


MOUNTING ARRANGEMENT — If pos- 
sible, the fluid being sealed should be on 
the O.D. of the sealing faces. Centrifugal 
force of any fluid between the faces will 
then work in your favor to prevent seep- 
age between the rubbing faces. Seals can 
function satisfactorily with fluid on the 
inside of the seal faces. We can both avoid 
long hours on the assembly line later look- 
ing for leaks if we arrange matters so 
that the fluid is on the outside of the face. 


RUN OUT — We've heard many defini- 
tions of run out, but here is ours: The 
deviation of the plane of the rotating ring 
from a plane perpendicular to the axis 
of the shaft. It usually results from a lack 
of squareness of the rotating sealing sur- 
face to the axis of rotation. It causes a 
wobble of the ring and tends to bounce 
the seal ring away from contact at high 
rubbing speeds. For a 2” shaft at 20,000 
RPM, run out should not exceed .0005” 
at the point of contact. 


If these thoughts have aroused your 
interest, write to us with your ques- 
tions, and we will be glad to elaborate. 


The following tables define maximum shaft speeds under optimum conditions. 
STATIONARY SEAL 


SHAFT SPEED (rpm) 


SHAFT DIAMETER 


ROTATING SEAL 


SHAFT SPEED (rpm) 


os 3 4 § Glas. 
SHAFT DIAMETER 


SE ALO L 


CORP. 


424 Post Road, Providence 5, R. I. 


Providence — Stuart 1-4700 
New York — Whitehall 3-9748 
Phil. — Tremont 2-2226 

Chicago — Independence 3-6707 
Denver — Florida 5-7260 


Cleveland — Lerman n> > aged 
on — Axminster 8- 
Houston — Greenwood 2-2318 
Los Angeles — Chapman 5-3746 
San Francisco — Yukon 2-0800 


In England: Flexibox Ltd., Manchester ; 3 
in Europe: Ae S.A., 38 Rue de Trevisse, Paris 


Flexibox G.m.b.H. 


9 
Schielestrass 45, Frankfurt/Main-Ost 
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AIR-BEARING 


SS ee 8 Sa 


for GEM's 


Basic problem of Ground Effect Machine is to maintain 
static cushion pressure between itself and the ground; 
“Classical configuration still being sought; 

Development may be spurred by military applications 


by Eugene K. Liberatore 
GEM Research Engineer 


The ground effect machine, 
(GEM) is a vehicle that operates 
on a cushion of air, at heights only 
a fraction of the cushion’s maxi- 
mum dimension. GEM’s are gen- 
erally of circular planform, and 
this “height-diameter” ratio h/D is 
a significant parameter in under- 
standing their behavior; it influ- 
ences performance and stability. 

An air cushion is provided by 
static pressure between the vehicle 
base and the ground. Since this 
air can escape around the sides, a 
peripheral air-seal is required. 
Physical walls would provide a 
good sealing system, but would also 
impede forward flight. Thus, the 
basic problem of the GEM is to 
maintain static cushion pressure 
with the least expenditure of power. 
One simple solution is to discharge 
air from a plenum into the atmos- 
phere. Air is compressed by a fan, 
and discharged through a peripheral 
sharp-edged exit. Sharp edge pro- 
vides a vena contracta which per- 
mits GEM to hover at a height 
about 60 per cent greater than it 
would with a flat-based exit. De- 
sign of the plenum is important, be- 
cause some configurations create a 
suction rather than a pressure. 

A second type of seal uses a 
peripheral jet of air. In this ap- 
proach, base pressure is contained 
by the impact force of the jet as it 


is deflected inward, plus the re- 
action force of the jet as it is dis- 
charged outward along the ground. 


A third configuration utilizes 
the labyrinth seal principle (similar 
to the steam turbine application) to 
generate a turbulent static-pressure 
region surrounding the cushion 
static pressure. This system recir- 
culates air to reduce total power 
required; here, more than one stage 
is generally required. Recirculat- 
ing fans are usually located on the 
periphery of the GEM. The laby- 
rinth-seal type is associated pri- 
marily with large ocean-going 
GEM’s. 


A fourth variation is the air- 
bearing type GEM. This differs 
from the others in that it uses a 
smooth surface, or rail, and an air 
boundary layer 0.005 to 0.015 in. 
thick; positive static pressure is pro- 
vided by viscous effects within 
boundary layer of discharging air. 

Other approaches to sealing the 
air cushion are: liquid jets, physi- 
cal walls, ram diffusion, - ejectors, 
etc. 


Although the four types of 
GEM described have received the 
most attention, there are additional 
promising systems. In the history 
of the GEM, morphology plays an 
important part; “classical” config- 
urations are still being sought. We 
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need to know what shapes or struc- 
tural elements will provide the best 
cushion-sealing system, and which 
combinations of known propulsion 
systems, compressors, controls, 
hulls, ducting, etc., are optimum. 


Environment apparently influ- 
ences GEM _ evolution, because 
ship-oriented investigators differ in 
their approach from aircraft-ori- 
ented investigators. 


Annular-jet and plenum-cham- 
ber GEM’s are emphasized here, 
because more is known about them. 
Other systems may be just as good 
or better. For example, the laby- 
rinth-seal type, for equal size, 
weight, and operating height, can 
hover on about half the power re- 
quired of the annular jet. The price 
for this gain is complexity of the 
air-moving system. Other types that 
have special features to minimize 
the amount of air taken on board, 
in forward flight, will also show up 
better than the conventional an- 
nular jet. Comparing the annular 
jet with the plenum type, it can be 
seen the latter is simpler, but the 
annular-jet type is capable of hover- 
ing out of ground effect. This is 
accomplished at a greater cost in 
power (or fuel rate) than for a jet 
without a base plate. Out of ground 
effect, the base plate produces a 
suction subtracting from the mo- 
mentum thrust. This suction can 
be minimized by modifying the base 
contours. 


Performance — Engineering 
theory of the annular jet has been 
developed further than that of other 
systems. In the U. S., this work has 
been done by Dr. H. Chaplin of 
DTMB and Dr. G. Boehler of the 
Aerophisics Co. In England, the 


theory has been developed by 
Crewe, Eggington, and Stanton- 
Jones. 


In determining hovering per- 
formance of the annular jet, the 
first and fundamental question to 
ask is this: Ideally, how much total 
pressure Pt; (Fig. 1) in the nozzle 
(hence, how much power) is re- 
quired to produce a given amount 
of cushion pressure Ap,? A simple 
relation is established using mo- 
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Vo — Flight Velocity (FPS) 


Py; — Total Jet Pressure 
(PSF-Gage) 


Vj — Jet Velocity (FPS) 
Fj — Jet Thrust (LB) 


Apb — Base Static 
Pressure (PSF-Gage) 


h — Operating Height (Ft) 
t — Jet Thickness (Ft) 


Ape — Jet Back Pressure 
(PSF-Gage) 


Sj — Total Jet Area (Ft?) 


mentum theory for the two-dimen- 
sional case (i.e. per unit of circum- 
ference) which equates the static 
pressure force Apph to the force of 
the jet. F;. This force has two com- 
ponents parallel to the ground. The 
first comes from F; Cosg@ as the 
jet is injected inward, and the sec- 
ond is the reaction force F; as the 
flow (ideally) escapes outward along 
the ground. 

Thus: Apph = F; (1 + Cos 0) = ptv; 
(1 + Cos 6) p = air density. 

The total pressure in the jet 


Pt, = 


is the static “back pressure” on the 
jet. In a first approximation, it can 
be neglected, or if h > t Ape = 1444p. 
These equations give the desired 
ideal pressure ratio. 

4pp 2 (1 + Cos @) 

Pt, h/t + (1 + Cos 8) 


Y% pv}? + Ape, where A pe 


Thus, height-thickness ratio and jet 
angle are the significant param- 
eters. Note that in the above equa- 
tion the independent variables are 
two-dimensional. For a given area, 
the perimeter that gives the shortest 


length of a will give the least hov- 


ering power. Thus a circular plan- 
form will give the lowest hovering 
power. For a high-speed GEM, or 
from other considerations another 
planform may be more desirable. 
The equation is plotted in Fig. 2. 

. AP» 
The ratio Pi, 


is in effect an “effi- 


ciency,” since it shows how much 
of the total pressure Pt, in the jet 
is converted to stagnation or static 
pressure 4p, The ratio can never 
be greater than 1.0. For the ideal 
plenum chamber, the base pressure 
equals the dynamic pressure of dis- 
charge, or: 


Thus: 


Fig. 2 suggests that the annular jet 
approaches the plenum chamber 


condition when 1 is near 1.0. The 
t 


total pressure Pt, determines the 
ideal air horsepower at the annular 
nozzle. 
Pt, Q: 
550 
Q; = Vol Flow through the nozzle. (cfs) 


In a practical design, there are 
many losses, including a nozzle 
loss, duct loss, compressor loss, 
gear loss, etc. To obtain an approx- 
imate value for the shaft power 
required BHP,, an empirical equa- 
tion given in Reference 2 can be 
used. The equation applies to 
either the annular-jet or plenum- 
chamber type. 

In this discussion, the “diam- 
eter” D is the actual diameter to 
the outer edge of the jet of a circu- 
lar planform GEM or the equiva- 
lent diameter of a non-circular type 
that will give the actual area. For 
sea level standard conditions: 


AHP = 


h W,? 
E vee h D? 
MF = 238 ——— | na 
W, . 
 - 7," Power loading (Ib/hp) 
W,z ; : 
DL = = “Disk” loading (Ib/ft*) 


t 


In GEM theory, the total area 
S: = 8S. +8), the sum of the base 


area and the jet area. 
continued on next page 
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GEM DESIGN CONSIDERATIONS . 


. «continued 


Maximum power loadings are obtained 
at low disk-loadings and h/D ratios 


D = Diameter or equivalent diameter 


ze 
= @— Ss, 
T 


The parameter M, is called the 
“Factor of Merit.” The term in the 
bracket is the same as the “Figure 
of Merit” defined for helicopter 
rotors. A practical value of M;, = 
4.0, and it refers to a well-designed 
GEM. (GEM reduced models built 
without too much engineering be- 
hind them usually have a M; © 1.0.) 
If the maximum hovering height is 
used for h, the equation gives the 
maximum hovering shaft power re- 
quired, BHP,. Note also that 
AHP 


BHP, = where 


is an overall efficiency factor « 1.0; 
Fig. 3 is a plot of the equation. The 
figure shows the maximum power 
loadings are obtained at low values 
of disk loading and low values of 
height-diameter ratios. As an exam- 
ple, consider a desirable power 
loading of 100 Ib/hp. For a rea- 
sonable disk loading of 30 psf, the 
value of h/D must be 0.008. If the 
machine is to hover at one foot, it 
must have a 125-ft diam. This 
example shows a fundamental prob- 
lem of the GEM. Practical GEM’s 
can be designed by a trade-off of 
the important parameters of Fig. 3. 
For the annular jet GEM, the 
weight is supported by three forces: 
base-pressure force (Ap, 8.), force 
due to back pressure on the nozzle 


(Ape 8;), and jet momentoum force 
(oS; V2). As the GEM operates 
closer to ground, base-pressure 


force dominates. Completely out of 
ground effect, only the jet momen- 
tum force is available to support 
vehicle. 

In forward flight, the principal 
power losses are: cushion-power 
loss (as in hovering) momentum- 
drag loss (PS;V;) V.. and parasite- 
drag loss (the last term is also 
called “profile” drag if the body is 
viewed as a “wing” rather than a 
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“fuselage”). Presently there is dis- 
agreement as to what should be in- 
cluded in the summation of losses 
in forward flight. Hence, presently 
there is no “classical” forward- 
flight performance method. Repre- 
sentative power-required curves are 
shown in Fig. 4. Methods of re- 
ducing parasite drag are well- 
known, but the effect of air cushion 
on this drag has yet to be deter- 
mined. Momentum drag, or prod- 
uct of mass flow and flight velocity, 
plays a large part in power require- 
ments for forward flight. Cushion 
power in forward flight will be equal 
to, or greater than, hovering power. 
Magnitude depends on parameters 
such as (=) which is the ratio of 
jet velocity to flight velocity, and 
ratio of height to jet thickness (~) 
Visual flow tests in France by 
ONERA show an interesting tran- 
sition in the flow pattern around a 
GEM (Fig. 5). Below a critical 
speed, the jet flow circulates up and 
over the machine (Fig. 5A). Above 
this speed, the jet is swept away 
(Fig. 5B). The latter condition is 
identified as the “jet-flap condition.” 
The ONERA tests also showed that 
for low values of h/D, the space 
between the jets was completely 
filled with two vortices rotating in 
opposite directions. 

Stability—A_ basic characteris- 
tic of the hovering GEM at a given 
power-setting is the thrust increase 
with a decrease in height. For the 
given setting, the associated hover- 
ing height is the only one at which 
the vehicle is in vertical equi- 
librium. Stability-wise, the GEM is 
statically and dynamically stable in 
the vertical hovering mode. Damp- 
ing in this mode is heavy, and 
oscillations subside in less than two 
cycles. In some annular-jet de- 
signs, advantage is taken of vertical- 
mode stability to provide pitch-roll 
stability. This is done by compart- 
mentation of base, so that it has a 


Fig. 2 JET PRESSURE vs 
BASE PRESSURE 


(Annular Jet in Hovering) 


Fig. 3 HOVERING 
PERFORMANCE 
(Annular Jet or Plenum Cham- 


ber, Std Sea-Level condition; 
My, = 4.0) 


peripheral jet as well as two or 


more additional diametral jets, 
thereby dividing the base into “pie 
cuts.” The GEM base is thus di- 
vided into four or more smaller 
areas, each bounded by a jet. In 
this manner, pitch and roll stability 
can be achieved. Another approach 
to using vertical mode stability is 
to design a machine using three or 
more annular -jet units mounted 
apart from one another. In one 
design, these units were also made 
tiltable for propulsion and control. 

In general, GEM inherent sta- 
bility is a function of height—diam- 
eter ratio h/D. A given GEM out 
of ground effect (like a turbo jet) 
is not stable. Hovering stability can 
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be correlated roughly with h/D. 
Vehicles with a h/D of about 0.05, 
and preferably less, are inherently 
stable. The neutral-stability regime 
is around h/D = 0.08. Above an 
h/D = 0.13, the conventional 
GEM is unstable even with base 
compartmentation. 

Saunders-Roe theory shows the 
single-ring annular jet is stable up 
to a height equal to the jet thick- 


h 


ness, ie. — = 1,9, Planform will 
t 


also affect stability; elongated 
GEM’s will not have the same sta- 
bility characteristics in the pitch 
and roll modes. From this view- 
point, circular or square planforms 
are preferred. However, consider- 
ing forward - flight performance, 
elongated or other planform shapes 
may be better. 

An excitation unique to GEM’s 


pertains to surfaces over which they 
operate. An ideal sinusoidal sur- 
face can create oscillations in for- 
ward flight, and these depend on 
relation between wave length and 
length of GEM. Relatively large 
waves can be driven like hills and 
valleys. Smaller ones are more 
troublesome. The vertical mode 
undamped natural frequency Q, is 
analogous to that of a simple pen- 
dulum. 


Control — GEM control must 
consider propulsion, braking, yaw, 
and side-force control. These con- 
trols can be achieved by air jets, 
propellers, slipstream vanes, or by 
devices for inclining the machine. 
The brake can be the reverse of 
propulsion control. A _ stop also 
can be made by skidding or rolling 
on the ground. 

In high-speed turns, a yaw is 
not necessarily accomplished with 
a bank. The GEM operates too 
close to the ground for this. Any 
circular GEM is unlikely to be free 
to bank more than six degrees, be- 
fore a side would strike the ground. 
Skidding tendency in a turn may be 
countered by a side-force control 
system. However the side force can 
be very high. A typical turn with- 
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out bank of “automotive propor- 
tions” would result in a side force 
about 20 per cent of the weight, and 
it could be as high as 100 per cent. 


Over-Water Effects—GEM oper- 
ation over water is not the same as 
operation over ground. In hover- 
ing over water, the base pressure 
creates a trough under the GEM, 
the depth of which in inches of 
water is equal to the base pressure. 
As the GEM moves forward, this 
trough moves ahead so that the ma- 
chine assumes a nose-up attitude in 
an attempt to ride over the edge of 
the trough. The inclination intro- 
duces a weight component to the 
drag, increasing the propulsive 
power required. At a certain speed, 
this power is the greatest. The 
GEM must have sufficient power to 
exceed this “hump” speed. Once 
beyond the “hump” speed, inclina- 
tion diminishes and the associated 
power requirements become negli- 
gible. For small or large GEM’s 
this “hump” speed will be 10 to 
20 knots. 


Problems — Although there is 
sufficient knowledge to produce use- 
ful GEM’s there are still problems 
of analytical, design, and operation- 
al nature. The hovering perform- 
ance for annular jets and plenum- 
chamber configurations is fairly well 
understood analytically. Less is 
known about empirical stability de- 
rivatives. The structural aspects, 
and their relation to tolerable 
weights, have yet to be defined, 
especially for large machines. 

The Office of Naval Research is 
sponsoring coordinated programs to 
cover gaps in GEM knowledge. 
Participating firms include: Bell, 
Hiller, Ryan, Lockheed, Vehicle 
Research Co., Aerophysics Co., and 
AiResearch. Other organizations 
participating include DTMB, Bu- 
Ships, and University of Wichita. 

Other problems associated with 
GEM’s are listed below: 


Powerplants — The largest 
GEM’s will require 200,000 to 
400,000 hp powerplants. Large air- 
craft gas turbines would need ma- 
rine engine reliability, particularly 
if used in multiples. Due to the 


large amount of air handled by a 
GEM, a jet pump may be prefer- 
able to a shaft turbine. In the larg- 
est sizes, a nuclear powerplant may 
be the answer. For a giant trans- 
oceanic GEM, a powerplant plus 
fuel and fuel system weight of 20 lb 
per shaft hp or less would be highly 
desirable. This weight would not 
include the compressor, ducting, or 
drive system. 

Structures — Acceptable design 
criteria, maximum allowable deflec- 
tions, and reasonable weights are 
some of the considerations in this 
area. These are complicated by the 
fact that the GEM size range and 
environmental conditions are so 
wide. A particular problem of in- 
terest is the strength-weight rela- 
tions of GEM hulls which must 
strike or clear waves. 

Cushion and Momentum Power 
—GEM hovering-power require- 
ment are directly proportional to 
height. At present, the minimum 
acceptable heights over land and 
water result in power requirements 
that are higher than most are will- 
ing to accept. This is aggravated 
by the forward flight momentum 
losses. Therefore, solutions are 
being sought to minimize these 
losses. Some of the devices being 
studied include sidewalls, or cata- 
maran hull, over water, with the 
sides just clearing the water; sec- 
ondary fluid jets to augment the 
cushion sealing; other cushion seals 
besides simple air jets; propulsion 
vanes in the annular nozzles to re- 
duce momentum losses; unusual 
planforms; aerodynamic lifting sur- 
faces; etc. 

Inherent Stability—With the in- 
creasing operating heights, it is 
highly desirable to maintain the in- 
herent stability of the GEM, espe- 
cially in the small and medium 
sizes. This feature is important to 
wide use of the GEM in military 
and commercial areas. In conjunc- 
tion with inherent stability, it is de- 
sirable to have positive control in- 
cluding braking and side force con- 
trol. In general, it appears that the 
price for stability, control, and 
trim are paid in horse-power. 

continued on next page 
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GEM DESIGN CONSIDERATIONS . . . continued 


The GEM will be at its best 
where it has no real competition 


Jet Blast Effects—The jet ve- 
locities of present and future 
GEM’s will be in the range of 100 
to 200 fps. These velocities are in 
the range of those of a ducted fan 
VTO and 3 to 5 times greater than 
the helicopter downwash velocity. 
These velocities produce sand and 
snow storms, and water spray. They 
also blow grass and other foreign 
matter into air inlets as well as the 
surrounding atmosphere. Water 
spray can be deflected to a great ex- 
tent. Ice formed from water spray 
or melted snow can collect on the 
hull or at air inlets. However, there 
are practical solutions to the icing 
problems. 

Grade Climbing — at Present, 
climbing a 7 per cent grade is con- 
sidered good performance, but some 
future applications will demand a 
grade climb ability of 30 to 60 per 
cent. To hold on a 60 per cent 
grade, the thrust required is equal 
to approximately 50 per cent of the 
weight. 

High Speed Effects—The con- 
ventional jet may be a poor cushion 
sealer in high-speed flight. Other 


systems are being investigated. One 
of these, proposed by Hiller, con- 
sists of creating a diffusing inlet 
between the GEM and the ground, 
thereby producing a stagnation pres- 
sure wall. In any case, large varia- 
tions in the pressure seal will pro- 
duce base pressure shifts which 
create trim problems. 

Social — The GEM introduces 
social problems that have yet to be 
resolved. The FAA does not recog- 
nize it as an aircraft. Local ordi- 
nances and automotive highway 
regulations are inimical to GEM’s. 
At present, their least hostile do- 
main is off the highway. GEM-boat 
types probably fit into present social 
customs most easily. 

Gem Future—The GEM is here 
to stay; its rate of growth will 
mostly depend on military require- 
ments. Development costs to pro- 
duce the ultimate ideas in GEM’s 
are beyond what one would expect 
a commercial firm to underwrite. 
Nevertheless, the current art is suf- 
ficiently advanced to permit con- 
struction of useful vehicles in 
smaller sizes. 


GROUND EFFECT MACHINES 
(Nominal Data) 


Gross Length 


Ht. BHP Weight Base Area 


Make Type Base Wt (Ib) (ft) (ft) Total Empty (ft?) Comments 
A.M. F. fue Al o- on + wee 
Bell Helicopter Scooter PC 30: 7.1 098 12 100 26.3 BreteExit 
Bertelsen Prototype Al 5858.4 7 4 60.6 MRectanguine Piaferm 
Curtiss-Wright “Prototype ; "PC 1750 16 0 0.25 85 ; 1050 161 0 : — a el 
Curtiss-Wright 2500 AJ 2500 21.0  0.5-1.0 360 1260 151.0 Production Version 

V Max > 50 mph 
Curtise-Wright Bee AJ 1115 12.0 0.38 100 885 © — Production Version 
V Max 53 mph 
ae. eR he eee eS a ee 
Gyredyne Pretetype ASCO —_- » © 83 Keyan 
_6lhhlCUrr hl UCU llr rh OCR OC rCrClCUCUrOTOlClClClCrO lh hh 
Princeton Sys a a Oe: 6. ae Se 
Prisceton —X-3 ~AS—«'1000-s«20.0=S=Ss1.0~S”S—=S«S*«SS*«T.O «Circular Planform 
Saunders-Roe Hovercraft AJ. mm pe te lUmfhlU!”™hltl(<CiC 
Spacetronics Prototype PC 100 18.0 033 — 80 127.0 — +g 
Weiland Prototype AJ 14,000 33.0 0.67 700+ — 990.0 Flown 50 mph on part- 
power 
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The GEM will be at its best 
where it has no real competition. 
That is, it must create a domain of 
its own. Actually, most transporta- 
tion systems have followed this pat- 
tern. It is unlikely that the GEM 
will replace the motorcar. It is 
preferable to think of a GEM some- 
what as a supplement to the auto- 
mobile. 


Small GEM’s will have their 
uses, but the large ones are of par- 
ticular interest, since they represent 
a new system of public transporta- 
tion. The large GEM would serve 
as an auto ferry—in a wider sense 
of the word. It can also be used to 
remove traffic from highways by fly- 
ing along roughly prepared ground 
or along rivers. Such ferries would 
be capable of carrying over 1000 
cars at a time. 


Large transatlantic GEM’s are 
considered to be about 10 years 
away. Both car and passenger fer- 
ries are possible, but the car ferry 
makes more interesting speculation. 
The ultimate GEM would cross the 
ocean in less than a day. One ferry 
GEM could carry 1000 or more 
parcel delivery trucks. On arrival, 
these could be dispatched to vari- 
ous parts of the U. K. or the Con- 
tinent to deliver their goods. 

A passenger-car ferry, equiva- 
lent to the parcel delivery GEM, 
would have the following charac- 
teristics: 


Gross Weight ..... 7000 tons 
eee 800 ft 
NOR bcs Sy dies 500 ft 
Total Power ..... 400,000 hp 
Design Operating 
ee 15 ft 


Normal operating height would 
depend on ocean conditions, but a 
height of 15 ft would clear 90 per 
cent of the ocean waves. Over a 
year’s operation, the average operat- 
ing height would be less than this. 
A fare of $100 for car and load 
would put a European trip within 
the means of the average family. 
This implies a nominal daily rev- 
enue of $100,000 per GEM. The 
operation would create a mass trans- 
portation system unprecedented in 
history. 
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Fig. 4 GEM POWER DISTRIBUTION 


IN FORWARD FLIGHT 
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Unlike any other (earthbound) 
method of transporation, the GEM 
is a challenge to each one of them. 
Therefore, it is vulnerable to com- 
parative judgment from all direc- 
tions. This includes comparisons 
with boats, ships, passenger cars, 
trucks, helicopters, airplanes, hydro- 
foil craft, and even rigid airships. 
These comparisons are not neces- 
sarily valid, because the GEM will 
seek out a domain of its own. It 
can be argued that the GEM must 
compete economically with other 
transportation methods. This is 
true to a limited extent. If, for ex- 
ample, hovering capability is de- 
sired, how can a conventional air- 
plane compete economically with a 
helicopter? Each has its own do- 
main, and each does best where it 


GEM BACKGROUND 


Earliest ideas on air-cushion vehicles date 
back to the late 19th century. During the 
1930’s, there was a revival of interest pio- 
neered by D. K. Warner and Dr. A. Kucher 
in the U. S., and T. Kaario in Finland. Seri- 
ous work on the GEM began in the 1950's. 
In 1953, C. Cockerell in Britain started his 
work leading to the 1959 Channel crossing of 
the ‘“‘Hovercraft” machine. 

The first NASA report published on GEM’s 
was the work of VonGlahn; the results ap- 
peared in TN-3982 released in April, 1957. 
This report played a large part in widening 
official interest in GEM’s. To a great extent, 
this interest was due to the efforts of Dr. V. 
Berinati of the Navy Department. Navy- 
sponsored GEM research has been carried out 
by the Bureau of Ships and DTMB. Princi- 
pal investigators include Lt. L. Cathers, B. 
Silverstein and A. Hirsch in the Office of 
Naval Research; official interest is repre- 
sented by Maj. J. Wosser, USMC, and Ledr. 
A. VanTuyl, Jr., USN. In the Army, the 
Transportation Corps has shown the greatest 
interest in GEM’s. Directing the research ac- 
tivities is Lt. Col. G. MeConnell in the Sur- 
face Research Division of TRECOM. W. 
Sickles is the chief engineer. OTAC (Ord- 
nance Tank and Automotive Command) and 
the Maritime Administration have also spon- 
sored work in the GEM field. In October, 


Aircraft & Missiles « 


April 1960 


Fig. 5 AIR-FLOW PATTERN around a moving GEM varies with velocity. 
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(A) Below a critical speed, jet flow circulates up and over vehicle; (B) 
Above critical speed, jet is swept away and produces the “jet-flap” condition. 


has little or no competition. The 
economic aspect is fundamentally 
important in commercial operations, 
but this aspect is limited to the fact 
that the operation exists in the first 
place. The operation exists at all, 
because it satisfies something in hu- 
mans that ultimately becomes a 
necessity. 

A GEM system can be devised 
to provide substantially cheap mass 
transportation across the Atlantic, 
such that the trip takes one day. 
The individual can take his car, 
family, and luggage at a low cost. 
This means a typical family with 
two to three weeks’ vacation can 
travel to Europe with only two days 
in transit. No existing transporta- 
tion system has the capability of 
conducting this operation, which 


1959, the first Government-Industry Sym- 
posium was held at Princeton University. 

Private organizations which have pio- 
neered GEM activities are Spacetronics, 
founded by Bollum and Crowley, National Re- 
search Associates, headed by William Alper, 
and the Aerophysics Co. with Dr. G. Boehler. 
In the U. S. A., there are few aircraft firms 
that are not looking into GEMS, and at least 
keeping up with the state of the art. As a 
rough estimate there are 200-300 individuals 
in the U. S. formally investigating the ground 
effect machine. 

In Europe, in addition to Cockerell, Kaario 
and Carl Weiland of Switzerland are active 
in the GEM field. The Russians have shown 
some interest in GEM’s. Except for some pub- 
lished artists’ conceptions and references to 
activities, little is known of their work. It is 
known that Ref 7, has been translated by the 
Russians. 


Funding 

In the past, financial support of the GEM 
industry has been at a very low level. A 
rough estimate of the money to be spent in 
1960 amounts to about one million dollars. A 
guess as to the amount to be expended in 
1961 is two to three million dollars. These 
figures include military programs and private 
ventures. 


fits so well within the social-eco- 
nomic habits of the American 
family. 

The GEM will seek out a new 
market, which the airplane and sur- 
face vessel failed to create. With 
such modest beginnings, the GEM 
can become in a relatively few 
years the instrument for creating a 
social revolution. 
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Can VTOL Rotor Concept 
Be Used For Re-entry? 


Folding blade-system shows possibilities 
for re-entry braking and landing maneuvers; 
Likened to autorotating helicopter descent 


Use of a rotor for re-entry brak- 
ing and landing, offers potential ad- 
vantages for spacecraft. Among 
these are the possibility of steeper 
re-entry angles than could be tol- 
erated by a fixed-drag-area body 
without excessive accelerations, and 
long supersonic glide ranges. 

As a portion of company-spon- 
sored research in advanced helicop- 
ter concepts, Bell Helicopter Corp. 
has studied the use of rotors for 
such purposes. 

Regimes of flight which a space- 
craft must negotiate to return to 
Earth are: re-entry flight, lower- 
atmosphere flight, and ground con- 
tact. ‘ 

During “re-entry flight,” dissi- 
pation of kinetic energy by aero- 
dynamic drag would avoid using 
large amounts of retro-rocket fuel. 
“Lower-atmosphere flight” is the 
regime between re-entry and land- 
ing, i.e., from point where heating 
is no longer a significant problem, 
to the start of actual landing maneu- 
ver. In this regime, landing point 
would be selected and _ vehicle 
maneuvered into an approach pat- 
tern. In the “ground contact” 


regime, the vehicle would be slowed 
to the point where ground contact 
could be made safely. 

Rotor - Landing Concept — A 
possible rotor landing system for 
the Mercury capsule does not in- 
volve fundamental modification to 
the capsule; a rotor system is merely 
substituted for the parachute can- 
ister. The rotor blade cover would 
support the nose drive safety rocket 
installation. 

During a return-to-Earth ma- 
neuver, rotor would be deployed 
past the aerodynamic heating re- 
gime, and would first be used as a 
drag-producing device in the trail- 
ing axial-flow attitude. 

After the rotor, in axial-flow 
position, has slowed the vehicle 
down to helicopter speeds, cyclic 
controls would be applied and a 
helicopter - type power-off glide 
would be accomplished. Helicopter- 
type flared landing would be pre- 
ferred for a piloted vehicle since 
the pilot could keep the horizon in 
view while watching the landing 
spot; kinetic energy required for 
this type is somewhat less than in a 
vertical landing, and pilot errors 


ROTOR LANDING-SYSTEM FOR ONE-MAN CAPSULE 
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by Chester R. Haig, Jr. 
Research Dept. 
Bell Helicopter Corp. 


result primarily in horizontal resi- 
dual velocity rather than in vertical 
residual velocity. 

Vertical-type landing would 
most likely be used in an automatic 
system designed to guide vehicle 
down a vertical or slant radio beam 
from a low-powered radio trans- 
mitter near the landing point. 

Rotor Opening—Rotor opening 
and rpm buildup in axial attitude 
can be done entirely by aerody- 
namic forces, provided rotor is pre- 
opened mechanically, enough to 
project blades into airstream, and 
blade pitch is set to some angle 
other than flat pitch. A slight initial 
rotation would cause centrifugal 
forces to spread blades to a position 
giving larger acceleration forces, 
and rpm would build up rapidly 
thereafter. 

Rotor opening, rpm and drag 
characteristics can theoretically be 
controlled by collective-pitch ad- 
justments. Through collective pitch 
setting, pitch-flap coupling, and se- 
lection of pre-opening angle, it is 
possible to adjust the opening rate. 

Rotor Drag—In axial attitude 
rotor drag depends on flight speed, 
rpm, and blade pitch. At low 
speeds, maximum drag is obtained 
by setting the pitch near flat, and 
allowing rpm to build up until tip 
speed is near the maximum pos- 
sible; this is 5 to 20 times the flight 
speed, depending on flight Mach 
number and airfoil. During high- 
speed flight blade pitch is set at an 
angle which will stabilize rpm at a 
structurally-tolerable level. In gen- 
eral, there are two blade-pitch set- 


Aircraft & Missiles e¢ April 1960 


ne: a | 


Fig. 1. VARIATION OF AIRSPEED 
WITH ALTITUDE 
(subsonic opening case) 


mA 
Deas - 


weer 
PROPELLER BRAKING oman» 


ALTITODE Nege FT 


0 i) 
AIRSPEED - FT. SEC 


tings at which rpm will stabilize at 
below maximum rpm: (1) at a very 
high negative pitch with which the 
mean blade chord lines are approxi- 
mately parallel with the helix gen- 
erated by blades; (2) with nearly 
flat pitch with which the rotor acts 
as a system of centrifugally-spread 
flat-plate drag elements. We have 
distinguished these two operating 
states by calling them the “propeller 
windmilling state” and “propeller 
braking state,” respectively. Opera- 
tion with blades near flat pitch, i.e., 
in the “braking” state is required to 
provide large amounts of drag with 
restricted rpm. 

Plots of airspeed versus altitude 
were calculated for two sample ve- 
hicles as a measure of the adequacy 
of a landing rotor to slow vehicles 
to helicopter speeds. These plots 
are presented in Figures 1 and 2. 

In the case of Fig. 1, it is neces- 
sary to operate rotor in the “brak- 
ing” state rather than the “wind- 
milling” state, to slow to helicopter 
speeds before ground impact; rotor 
would be opened at about 45,000 
ft, at speeds of 800 ft/sec to reach 
helicopter flight speeds near the ceil- 
ing for helicopter operation. 

In the case of Fig. 2, it would be 
desirable to operate rotor in the 
“braking” state, to reach the ceiling 
of helicopter flight for maximum 
glide range; opening the rotor at 
about 56,000 ft at 1150 ft/sec will 
slow the vehicle to helicopter 
speeds, near ceiling for helicopter 
flight. 

Supersonic & Transonic Flight 
—Operation of a rotor in clean 
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Fig. 2. VARIATION OF AIRSPEED 
WITH ALTITUDE 
(supersonic opening case) 
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supersonic flight, in the axial sym- 
metric attitude, does not appear to 
offer basic theoretical difficulties. If 
any difficulties are encountered, be- 
cause of compressibility, they will 
probably be caused by rotor operat- 
ing in an irregular body wake at 
transonic speeds at which the body 
is buffeting. This may lead to rotor 
and body vibrations. 

Analysis of a rotor operating in 
the fully-stalled propeller-braking 
state indicates that a rotor, in the 
trailing position, will contribute to 
the directional stability of vehicle; 
and that some maneuvering is pos- 
sible if the usual helicopter cyclic- 
pitch controls are provided. 

Portions of this analysis have 
been confirmed qualitatively by 
tests, using a model landing-rotor 
system. Step-by-step integration of 
rotor torque and rpm-decay during 
a vertical landing shows that rotor 
kinetic energy, available in slowing 
the rotor to minimum hovering rpm, 
should be about four times the ve- 
hicle’s kinetic energy before col- 
lective pull-up. 

Optimum technique in a vertical 
landing is to allow rpm build up 
till blade tips reach their drag di- 
vergence Mach number (for maxi- 
mum ratio of rotor kinetic energy 
to falling kinetic energy) and per- 
form deceleration at about 2.5 g, 
reducing thrust towards end of ma- 
neuver as rpm drops. 

Lift-drag ratios obtainable de- 
pend primarily upon ratio of vehicle 
parasite drag area (in glide attitude) 
to rotor disk loading. Attitude at 
which a helicopter glide can be 


started depends on blade loading, 
ie., vehicle weight divided by total 
rotor-blade area. 

Lift-drag ratio for a vehicle will 
be about 3 to 1, helicopter glide 
ceiling about 25,000 ft, and re- 
sultant glide radius about 12 nau- 
tical miles. 

Rotor System Weight—A rotor 
for a landing system can be some- 
what lighter than a standard heli- 
copter rotor in spite of the provision 
for a folding hinge. The rotor does 
not have to be designed to with- 
stand engine torque. It is reasonable 
to restrict maximum speed in glide 
(which determines the amplitude of 
periodic blade bending loads) to a 
lower speed than would be ac- 
ceptable for a general-purpose heli- 
copter. 

In selection of disk loading, for 
a landing-rotor system two opposing 
trends are at work. A high disk- 
loading results in a small diameter, 
reduced structual weight, a faster 
rate of descent, and increased blade 
weight needed for rotor kinetic 
energy. Lightest rotor system 
would be one with a disk loading 
low enough so that designing for 
structural strength only results in a 
heavy enough rotor for the required 
kinetic energy. Preliminary studies 
show that in a 1000 to 10,000-Ib 
vehicle a disk loading of about 2 
lb/ft? results in the lightest rotor 
for a vertical landing, and about 3 
if a flared landing is used. Higher 
disk-loadings would require weight- 
ed blades, greater centrifugal force, 
and greater grip weight. Lower 
disk loadings result in a slightly 
heavier basic rotor, with surplus 
kinetic energy, because of lower 
rate-of-descent. 

Advantages — A rotor landing 
system, though heavier than a para- 
chute system, can perform three 
functions not performed by a para- 
chute landing system. 

@ Glide to a precision spot 
landing with considerable glide 
range for final correction of naviga- 
tion. 

@ Arrest vertical impact ve- 
locity at touchdown which is im- 
portant on ground landing. 


@ Arrest wind drift at touch- 
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ROTORS FOR RE-ENTRY . . . continued 


Blades would be cooled on “hottest” re-entry; 
Centrifugal force, natural pump for coolant 


down, also important in ground 
landings. 

For ocean landings a parachute 
system and enough deadrise to the 
vehicle’s bottom to cushion the wa- 
ter impact would seem adequate. 
For hard ground landings, within 
continental areas, the parachute 
system would need augmenting by 
an impact-energy absorbing system. 
This may consist of inflatable land- 
ing bags, extra parachutes, collapsi- 
ble structure, or a_ heavy - duty 
hydraulic landing gear. Such equip- 
ment eats away the weight advan- 
tage of parachute system. Further, 
a continental landing would be con- 
venient and economical. 

A rotor landing system requires 
either a pilot or an electronic sys- 
tem, to guide the vehicle and/or 
time the application of controls. In 
the absence of some control or 
guidance, the rotor can perform a 
simple parachute function; its ad- 
vantages include less opening shock 
under high dynamic pressure condi- 
tions, and quicker folding after use 
than a parachute. 

Hypersonic Flight — Conven- 
tional helicopter rotors use rota- 
tional tip speeds of 3 to 4 times the 
maximum flight-speed of the ve- 
hicle, to avoid loss of lift capability 
on retreating blade. Operation of 
rotor in this manner, in supersonic 
flight, would lead to structurally-in- 
tolerable tip speeds. With a heavy- 
blade re-entry rotor adequate cen- 
trifugal force can be developed for 
holding blades extended with mod- 
erate tip speeds, say 200 to 500 
ft/sec. 

Preliminary theoretical analysis 
of rotors operating in hypersonic 
flight has given the following indi- 
cations: 

@ Lift, drag, and unbalancing 
moments are not significantly dif- 
ferent from those of stationary air- 
foils held in the same position rela- 
tive to the wind, i.e., rotation pro- 
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vides a centrifugal field to hold the 
blades extended, without greatly af- 
fecting the aerodynamics of the 
array. 

@ A rotor can be trimmed in a 
low angle-of-attack, high lift drag 
ratio attitude by applying two-per- 
rev cyclic feathering. A compari- 
son between the lift drag ratio po- 
tential of fixed-wing and rotating- 
wing aircraft shows that above 
about Mach 4, rotor provides essen- 
tially same lift-drag ratio potential 
as a fixed wing. Of course, the 
rotating-wing aircraft would have 
to be equally well streamlined to 
realize equal lift-drag ratios, and 
this may not be easy to do. 

@ The rotor is stable in the 
trailing axial symmetric attitude, 
and rpm can be readily controlled 
by collective pitch adjustments. Ap- 
plication of one-per-rev cyclic fea- 
thering will enable rotor to be trim- 
med in a slightly-skewed attitude to 
develop low lift drag ratios. 

@ When used primarily as a 
drag-producing device, a rotor tends 
to even-out variations in drag due 
to variations in atmosphere density. 
This feature may help reduce peak 
decelerations during a steep re- 
entry. A fixed-drag area re-entry 
body would subject the occupants 
to a peak deceleration of about 54 
g, in the re-entry assumed in Fig. 
3. The rotor, if mounted to a low- 
drag body and assuming appropriate 


Fig. 3. DECELERATION vs 
ALTITUDE IN STEEP RE-ENTRY 


rpm regulation, would adjust to 
density variations and subject the 
occupants to only 15 g deceleration. 

Aerodynamic Heating — Aecro- 
dynamic heating of blades of a re- 
entry rotor will be comparable to 
that of a fixed wing with same 
chord and similar airfoil. Heating 
of a rotor blade will probably be 
more intense than in wide-chord 
wings, which results in lower Rey- 
nolds numbers. 

If rotor is slightly skewed away 
from the axial symmetric attitude, 
to produce some lift in combination 
with drag, heating rate is reduced 
because of the higher flight attitudes 
during deceleration. This also re- 
duces heat concentrations at airfoil 
edges since they alternate rapidly. 
Peak edge-heating rates are reduced 
about one-half by such alternation. 
Blades will probably have to be 
cooled to withstand severe steep re- 
entries. Centrifugal force provides 
a simple means for pumping coolant 
liquids and vapors through the 
blades. 

Landing— Power required to 
turn a rotor in low-speed flight is 
primarily induced power, i.e., 
power for deflecting or accelerating 
large volume flows of air. Blade 
profile drag accounts for only about 
25 per cent of the total energy dis- 
sipation. Hence, rotor performance 
during a slow glide, and during the 
landing flare and hold-off, would 
benefit from a small amount of extra 
weight. This would increase rotor 
kinetic energy, and offset com- 
promises in blade airfoil, to im- 
prove re-entry characteristics. 

If we assume that a re-entry 
rotor will be larger, heavier, and 
have more blade area than a rotor 
designed for landing only, we can 
also assume that it will have a bet- 
ter ratio of kinetic energy available 
for landing. 


oe 
This article is based on a paper presented 
at the IAS 28th Annual Meeting. 
A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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| (/ dry ice chamber 


Simple, easy, inexpensive. 

A fan blowing over a wire 

basket full of crushed dry ice 

will reduce chamber tem- 

peratures from 0 to —70°F. j 
A quick, low cost method for 
making occasional or isolated 1 


CARDOX'CO. 
cold tests. 


can help you achieve ‘iets wi 
versatile... fast... low cost 


C) 
BELOW (UF. 
ENVIRONMENTAL 


cote 


FAN TEST AREA 


direct discharge 
of liquid CO, 
Easiest, most efficient 


method for consistent, cold \ 
testing in production opera- ! 


TESTING 


CO, NOZZLE 
_—_eerer 


TEST AREA 


i} immersion tank method 


For low cost production-line 
cold testing. Crushed dry ice 
or bulk liquid CO» is in- 
jected into an acetone, 
methanol or trichlorethylene 
base solution. Items to be 
tested are immersed in the 
slurry which has a tempera- 
ture of minus 109°F. An 
ideal method of making cold 
*‘shock’’ tests. 


Bulk liquid CO2 is dis- 
charged directly into refrig- 
erant line or surge tank 
containing acetone, methanol 
or trichlorethylene type solu- 
tion. Refrigerant is then 

: pumped thru test chamber to 
This exclusive feature can save you up to 15% 


CARDOX ° PATENTED RE-CYCLING SYSTEM 
keeps Liquid CO. COLDER .. . minimizes vapor loss 


Low pressure liquid Carbon Dioxide stor- ee ee ere 


age tanks are located some distance 
from the point of use. Heat in the piping 
may vaporize a part of the liquid COs 
so that vapor as well as liquid COs ar- 
rives at the nozzle. This is undesirable 
for several reasons. 


1. The vapor has reduced refrigerating 
effect and results in a loss of COs. 

2. The vapor causes intermittent dis- 
charge; discharge rate and control is 
affected. 


The exclusive Cardox Re-Cycling System 
eliminates these disadvantages. 
Float valve just prior to the nozzle sep- 
arates vapor from the liquid CO2. 
vapor pump connected to a return line 
3. Starting may be delayed as large pumps the vapor back to the storage 
amounts of vapor must be discharged tanks. 
before pipe cools sufficiently to elim- The new Cardox Re-Cycling System 
inate creation of vapor. means greater efficiency, control and 
4. Vapor discharge can interfere with economy for users of bulk liquid CO: 
temperature control accuracy. systems. 


Circle 21 on Inquiry Card 


April 1960 


Aircraft & Missiles 


tions. Bulk liquid carbon 
dioxide is discharged directly 
into the test chamber. You 
get controlled test conditions 
from 0 to —100°F. in 60 
seconds or less. Best of all, 
one CO» storage tank can 
serve a battery of test 
chambers. 


reduce temperature by means 
of coil-type heat exchanger. 
Major advantage—no CO» 
atmosphere in test chamber 

. an important factor 
where this condition is not 
desirable. 


CARDOX systems can be engineered to provide 
temperature ranges from 0 to —150° 


For complete detailed information, or tech- 
nical assistance in setting up CO. testing 
chambers, write today: Dept. 1627 


CARDOX 


840 N. 
Chicago 11, Illinois 


Michigan Avenue, 
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A Plan to Increase Helicopter 


Range Sixfold 


“Floating-wing fuel tanks" proposed 
to give helicopter world mobility 


The normal range of present 
helicopters is less than 400 mi (n). 
Even with extra fuel tanks, which 
require moderate structural change 
of the helicopter, the range is less 
than 1100 mi. For the military to 
take full advantage of the helicop- 
ter’s versatility, the aircraft should 
be able to fly to any point in the 
world in a combat-ready condition. 
This means it should span the long- 
est leg in the ocean-ferry route— 
2100 mi. The ferry capability 
should be achieved with minimum 
structural modification and weight 
penalty. 

A scheme called “the floating 
fuel-wing” may achieve this objec- 
tive. Army Transportation Re- 
search Command is funding a study 
of this plan by the Vertol Aircraft 
Corp. 

In the floating-wing concept, the 
wing contains and supports the fuel 
for extended ferry missions. The 
helicopter provides the propulsion 
to overcome the wing drag. 

Hinged Attachment—tThe heli- 
copter is, in essence, towing the 


wing through the air. A short wing- 
stub is attached to the helicopter 
through two main spars. On the 
outboard end of the stub a hinge, 
consisting of two bolts mounted in 
journal bearings, attaches to the 
main wing-panel. The wing con- 
tains fuel in cells between the two 
main spars. Thus hinged, the outer 
wing and fuel load float on their 
own aerodynamic lift. Basic ad- 
vantage over a fixed wing system is 
that vertical loads imposed on the 
wing are not transferred to the fu- 
selage. Hence, structural beef-up 
of the fuselage is not required and 
the stability and _ controllability 
characteristics of the helicopter are 
not adversely affected. 

When the wing-helicopter com- 
bination is on the ground the wing 
is supported by its own landing 
gear. To get the wing-helicopter 
airborne, a running take-off is 
made. The initial cruising attitude 
of the wing-helicopter combination 
is slightly nose-down. As fuel is 


consumed, the helicopter tends to 
become less nose-down, due to the 


STUDY VEHICLE for floating fuel-wing-tank is Vertol built YHC-1A. 


But conversion kit goal is for all operational helicopters. YHC-1A has 
normal range of 280 mi, with 1025 mi ferry range. 
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by Charles B. Fay, Research Engineer 
Vertol Aircraft Corp. 


reduced drag of the wing. At the 
end of the ferry mission, the attitude 
is approximately that of the heli- 
copter alone. Obviously, the trim 
attitude depends to some extent on 
the trailing edge flap and wing posi- 
tions. 

Angle of Attack—As the fuel 
weight changes, the lift must also 
change if the wing is to remain in 
equilibrium. This is accomplished 
by changing the angle of attack of 
the wing through a skewed hinge. 
As the wing becomes lighter, the 
lift of the wing causes it to flap up 
about the hinge. Because the hinge 
is on an angle relative to the chord- 
line, the angle of attack decreases 
as the wing flaps up. Hence, as 
the wing weight decreases, the 
equilibrium attitude of the wing 
changes. 

The skewed hinge allows the 
wing to seek an angle of attack in- 
dependent of the fuselage angle of 
attack. This is essential, since the 
helicopter’s attitude is not neces- 
sarily a function of flight speed. If 
the wing angle were fixed relative 
to the fuselage, as is the fixed wing 
system, trimming the system 
throughout the speed range would 
become quite difficult, if not impos- 
sible. 

To prevent extreme flapping at- 
titudes in the wing, a flapping atti- 
tude trim device is used. Thus, a 
full span trailing-edge flap is pro- 
vided to change the attitude of the 
wing at the pilot’s discretion. By 
raising the flap, the lift decreases. 
Hence, the equilibrium flapping 
position of the wing is lowered. The 
trailing-edge flap may also be used 
as a high lift device during the run- 
ning take-off of the system. 
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HELICOPTER RANGE EXTENSION- 


HELICOPTER RANGE EXTENSION- 


USING FLOATING WING FUEL TANKS 


a | FUEL REQUIRED VS. RANGE 


4000 


3000 


10% FUEL RESERVE INCLUDED 


2000 


FUEL - GALS. 


USING FLOATING WING FUEL TANKS 


WING SPAN VS. WING VOLUME 
| 


tie = 18 
R=6.0 


° 400 


800 


1200 


1600 2000 


WING SPAN b- FT. 


2400 2800 A) 800 


RANGE - NAUTICAL MILES 


RANGE EXTENSION to 2500 mi is possible for 
Army YHC-1A with floating fuel-wing-tank. 


Locating the Wing—The opti- 
mum location of the floating wing 
along the fuselage would seem to be 
at the helicopter’s center of gravity. 
At this location, the wing forces 
would not impose moments on the 
aircraft. However, in the steady 
state condition, the wing lift equals 
the wing weight and the resultant 
vertical wing force on the helicopter 
is zero. Only during the transient 
state of wing response to gusts, etc., 
is there a vertical force acting on 
the helicopter due to the wing. A 
detailed analog computer study 
showed that when the wing was lo- 
cated forward of the center of 
gravity, the system became more 
stable than the basic helicopter. 
Hence, the wing should actually be 
placed ahead of the center of 
gravity of the helicopter. 

For a given amount of fuel, the 
distribution of fuel between the heli- 
copter and wing, influences the 
range of the system considerably. 
Since the average lift-drag ratio of 
the wing is higher than that of pres- 
ent operational helicopters, the 
wing can carry the fuel more effi- 
ciently than the helicopter. There- 
fore, the maximum miles per pound 
of fuel at a given cruise speed is 
achieved by allowing the wing to 
carry the greatest percentage of the 
fuel load. 

Operating Techniques — The 
take-off wing loading varies be- 
tween 20 and 30 Ib/ft?. The land- 
ing weight of the wing is approxi- 
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mately one-tenth that at take-off. 
Consequently, the wing loading at 
landing is 2 to 3 lb/ft. This struc- 
tural weight per square foot is only 
half that of the conventional fixed 
wing. The light weight indicates 
the structural advantage of the 
hinge, which allows the wing to sup- 
port only its internal fuel load. 

The speed for best range of the 
system differs little from the speed 
for best range of the helicopter it- 
self. 

Cruising altitude for the fuel 
wing-helicopter system varies as fuel 
is consumed during the ferry mis- 
sion. Initially the cruise altitude is 
low, due to the high power require- 
ments. Because of the favorable 
specific fuel consumption variation 
of the turbine engine with altitude, 
there is a decided fuel advantage in 
climbing to higher altitude as the 
system burns fuel and becomes 
lighter. In studies of turbine heli- 
copters using the floating fuel-wing 
system, it was found that the maxi- 
mum miles per pound of fuel was 
obtained by climbing to 10,000 ft 
as fuel was consumed and then con- 
tinuing the ferry mission at that 
altitude. 

As the fuel in the main tank of 
the helicopter is exhausted, the pilot 
or crew member can refill the tank 
by drawing fuel from the wings. A 
schedule of the order in which the 
wing tanks are used should be made 
so that the center of gravity of the 
wings is near to or coincident with 


1600 2400 3200 4000 
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VOLUME 


4800 5600 6400 
WING VOLUME - GALS. 


WING VOLUME available for fuel is shown as a 
function of wing span. 


the center of lift. This would 
minimize loads transferred into the 
helicopter through the wing stub, 
which in turn would allow minimum 
structural weight and modification. 

In landing, the pilot flies the 
helicopter onto the ground. Just as 
the landing gear makes contact, the 
majority of the helicopter weight is 
supported by the rotors and the 
wing is still self-supporting. The 
wing is then lowered onto its land- 
ing gear by raising the trailing edge 
flap. Braking force is supplied by 
a horizontal component of the rotor 
thrust. Under normal landing con- 
ditions, when the wing is lightly 
loaded, the landing speed is ap- 
proximately 30 knots. 

Wind tunnel tests, sponsored by 
the U. S. Transportation Research 
Command, are now being conducted 
to further substantiate the feasibility 
of the floating fuel-wing range ex- 
tension system. These tests, using 
a powered helicopter model, will de- 
termine the stability characteristics 
of the helicopter with the floating 
fuel wing and the effect on rotor 
induced power due to the presence 
of the wing. A method of jettison- 
ing the fuel wing is also being in- 


vestigated to allow autorotating 
descent. 
+. 
A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila, 39, Pa. 
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The VTOL Transport— 


SS a a 


Design Selection 


Hiller details reasons for tilt-wing configuration; 


Transport and hover costs influence powerplant choice; 


Wing structure sounder than in deflected slipstream 


by Philip Geddes 


J. B. Nichels, manager of ad- 
vanced planning at Hiller, says of 
the X-18, “Our aim in choosing the 
tilt-wing ‘propelloplane’ was to at- 
tain the design which promised the 
broadest area of uses, and therefore 
the greatest probability of a large 
market.” His analysis follows. 


The primary purpose of most 
aircraft is transportation. Transport 
efficiency is generally more impor- 
tant than hovering efficiency. Fig. 1 
compares the cost in forward flight 
between propelloplanes and _heli- 
copters. These costs are based on 
military factors and are not absolute 
for civil operation. However, the 
relative costs are pertinent. The 
propelloplane has lower operating 
costs than the helicopter for all 
radii of action above 50 mi. The 
operating cost of a tilt-wing pro- 
pelloplane in an STOL mission is 
also shown in Fig. 1. If the pro- 
pelloplane can be allowed to make 
a conventional airplane type take- 
off, it can be overloaded (above per- 
missable VTOL configuration) to 
provide much higher payloads. Op- 
erating costs are shown to be com- 
petitive for hovering durations of 
only two or three min. The choice 
of design for a particular mission is 
obviously influenced by hovering re- 
quirements. 

Fig. 2 shows the relationship of 
forward flight efficiency to hover 
efficiency for various VTOL’s. 

In Fig. 3, power loading is 
shown as a function of diskloading. 
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The curve shows the rapid decrease 
in the number of pounds that can 
be lifted per installed horsepower as 
the diskloading increases. This de- 
crease of power loading with in- 
creasing diskloading has a direct 
effect on hovering fuel consumption. 
(See Fig. 4.) 

Now, combine power loading 
and fuel consumption factors, add 


= 
i 


ON RADIUS OF ACTION= 100 NM 


Fig. 1. OPERATING COST vs 
mission radius of “propelloplane”, 
with 4-ton payload helicopter. 


DISC | - LOADING (L LBS7SQ.eT) 


Fig. 3. POWER LOADING as a 
function of disk loading in a hover 
state of flight. Payload horsepower 
drops as disk load rises. 


equipment weight. From this we © 


arrive at a combined lifting system 
plus hovering fuel weight as a func- 
tion of the hovering duration in any 
particular mission. We can see 
from Fig. 5 that the propelloplane 
is superior to the helicopter for 
hovering durations less than ten 
min, and is competitive for hovering 
durations up to perhaps half an 


& 
i: 


Fig. 2. HOVER AND FOR- 
WARD flight efficiency of various 
VTOL aircraft. 


Fig. 4. RATIO OF FUEL con- 
sumption in hover state. (Com- 
pared with fuel consumption for 
disk loading = 4). 
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hour. Turbojet type vertical take- 
off vehicles are directly reduced. 
This versatility of tilt-wing propello- 
plane operation offers one of the 
major advantages inherent in the 
design. 


Common Disadvantage — Any 
VTOL operation has one disadvan- 
tage that cannot be overlooked. The 
helicopter, despite relatively low 
down wash velocity, raises the 
problem of ground erosion and dust. 
This problem is bound to get worse 
with the propelloplane but obvious- 
ly not to the same degree as in a 
high velocity turbojet exhaust. A 
combination of high velocity and 
high temperature in the downwash 
restricts turbojet operation to spe- 
cially prepared take-off and landing 
areas. This restriction defeats one 
of the primary advantages of VTOL 
aircraft. 


Why Tilt-Wing—After Hiller 
settled on a turboprop powered 
VTOL aircraft another basic prob- 
lem had to be resolved—tilt-wing 
or deflected slip-stream? 


In a deflected slip-stream de- 
sign the wing remains stationary 
and a series of large flaps deflect the 
slip stream downward. One of the 
major problems in a deflected slip 
stream type, in comparison with the 
tilt-wing, is the high pitch-down 
moment which must be overcome 
by high downward tail loads (see 
Fig. 6). These tail loads also mean 
that additional lift force is required 
from the lifting system. This double 
loss is not apparent in a tilt-wing 
configuration. 


Structurally, the large flaps in 
the deflected slip-stream configura- 
tion subtract from the integrity of 
the wing. The flaps have high loads 
on them and transfer these loads to 
a wing whose main structure has 
been considerably reduced by the 
need for flaps in the first place. In 
the tilt-wing, the wing can be de- 
signed as a continuous structure 
(see Fig. 7). No flaps are required 
and structural integrity can be as- 
sured with minimum weight. 


continued on next page 
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NORMAL POSITION of wing is seen in this photo sequence taken during 
tie-down tests. Angle of incidence is 4.5 deg. Wing is mechanically locked 
in this position. 


PARTIAL ROTATION of wing on hinge point at 35 per cent of chord 
line is illustrated. Wing is tilted by 2 independently actuated, double act- 


ing hydraulic cylinders. 


en tae tad 


FULL 90 DEGREE ‘rotation can be effected. Wing can be hydraulically 
locked in any chosen intermediate position. Vertical takeoff setting is 
87 deg. Full conversion at 15,000 is planned late March. 


an 
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VTOL TRANSPORT . . 


- continued 


X-18 wing rotates at 35 per cent of chord line; 
Vertical takeoff effected at 87 deg wing-tilt 


Fig. 5. FUEL WEIGHT RATIOS 
and large VTOL transport aircraft 
lifting system. 


TURNING AIRSTREAM 


> 
LIFT PRODUCES 
PITCHING MOMENT 


HIGH TAIL 
OADS 


a 


LOW TAIL 
LOADS 


Fig. 6. LIFT EFFICIENCY of 
slipstream in tilt-wing and flap-de- 
flected configurations. 


General Specifications For Hiller X-18 


Wing area basic wing.................. 528 sq ft 
Horizontal Tail Area. .................. 193 sq ft 
| | ree TL 
Ed ick nn phakdenuaee ts 63 ft 
EE ons cages axewaccernceee SO 
ME oan iss cul ghcanebe dens 48 ft 
Aspect Ratio (basic wing).............. 4.3 
Design Gross Weight .................. 33,000 Ib 
Empty Weight (with seats and test in- 
Be era ana ie bak 26,500 Ib 


Av Rate Climb to 8,000 ft (maxpwr).. 6,000 ft/min 
Max Fwd Speed (structural limits only)... 250 mph 
Dive out from hover to fwd fit, pwr cff.. 2,800 ft 


SLIPSTREAM 


The obvious choice to Hiller 
was the tilt-wing. And, after four 
years of study, the X-18 VTOL 
transport made its first flight on No- 
vember 24, 1959. 

Research Vehicle—From the 
outset, Hiller decided a tilt-wing 
test bed must achieve certain basic 
objectives: 

(1) Test data must be applicable 
to a wide range of aircraft sizes. 

(2) The test vehicle must have 
capacity to carry all necessary 
flight-test instrumentation on every 
flight to avoid repeat testing. 

(3) Test vehicle must be as 
close as possible to an “envisioned” 
operational aircraft. 

(4) Test vehicle must be initial- 
ly suitable for all phases of the test 
program. Duration must be ade- 
quate. Crew protection high. It 
became obvious that a transport size 
test airplane would be necessary. 

Fuselage—In keeping with a 
low cost approach, the Chase YC- 
122 fuselage, empennage and land- 
ing gear were adapted to the X-18 
configuration. The fuselage is of 
truss-type tubular construction cov- 
ered with aluminum alloy sheet over 
light metal stringers and formers. 
Redesign of the center fuselage sec- 
tion was necessary to accommodate 
the wing-tilt system. 


Layout of the cockpit down to 
the controls is surprisingly similar 
to a conventional transport. Two 
upward ejection seats are provided. 
Some 1200 pounds of flight instru- 
mentation plus a fuel load of ap- 
proximately 6000 Ib are carried in 
the fuselage. 

Power Units — Lifting power 
comes from two Allison YT40-A- 
14 turbo-propeller engines driving 
dual 16-ft diam Curtiss turbolectric 
propellers. 

Wing—The wing consists of a 
single panel of constant chord and 
airfoil section (NACA 23015). 
There are two main spars located at 
15 and 35 per cent chord. They 
extend from root to tip. An auxil- 
iary spar at 75 per cent chord ex- 
tends over the rear portions of the 
wing panel. Four hydraulically 
moved ailerons form the trailing 
edge sections of the wing. These 
ailerons become the yaw control 
surfaces when the wing is tilted. 
There are no flaps. Provision was 
made in the wing design for install- 
ing fixed leading edge slats, al- 
though it is not now contemplated 
that they will be fitted. Structural 
provision has also been made for 
extending the wing span to 60 ft by 
adding constant chord and section 
tip panels each six feet long. The 
wing tip extensions raise the aspect 
ratio for improved range and load 
capabilities in STOL tests. 

Hydraulic Control System— 
The X-18 has three completely in- 
dependent hydraulic systems. 

© A utility system for main 


“Sg. 


Fig. 7. STRUCTURAL COM- 


PITCH CONTROL DIVERTER supplements conventional elevator. Con- 


trol vane inside “Y” exit diverts exhaust from fuselage-housed J-34 either 
up or down. 


PARISON of tilt-wing and flap-de- 
flected slipstream airfoils. 
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DESIGN DETAILS OF THE HILLER X-18 


Rudder and Brake 

. Center Control Pedestal 

. Instrument Panel Instal. 
Control Column 

Panel instal. Overhead 

. Ejection Seats 

- Door — Pilots Comp. 
Hinged Canopy 

. Auxiliary Distribution Panel 
. Prop Synchron‘zer 


SCMONOWSWh 


—s 


landing gear brakes and nose 
wheel steering. 

@ Dual systems for flight con- 
trol and wing tilting. The flight con- 
trol systems are closed center type, 
pressurized to 3,000 psig by two 
variable volume engine driven 
pumps, one per wing engine. If one 
flight control system fails, the al- 
ternate system is capable of operat- 
ing the flight controls and tilting 
the wing. 

Flight Control Systems—For 
forward flight, conventional aileron, 
rudder, and elevator surfaces and 
control systems are provided. The 
two latter are controlled by a sim- 
ple cable system—the ailerons be- 
ing hydraulically actuated. In the 
cockpit, the pilot sees a convention- 
al yoke/spectacle combination and 
rudder pedals. The only additional 
flight control is a lever mounted on 
the center pedestal that controls 
wing tilt. This lever controls speed 
of actuation as well as position. 

Pitch Control Diverter — An 
alternate pitch control system re- 
places the conventional elevator, 
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11. Wing Junction Boxes 
12. Fuel Control Amplifiers 
& Relay Boxes 
13. Main Distribution Panel 
14. Wing-Tilt Cylinder 
15. Master Wing Diagram 
16. Control Integrater 
17. Wing Closure Fairing 
18. Pitch Control 
Engine Air Inlet 
19. Fuselage Access. Door Aft. 
20. Battery 


while the wing is tilted vertically. 
Jet blast from the fuselage-housed 
J-34 is diverted up or down from 
the exhaust projecting below the 
tail. A control vane in the blast 
diverts the exhaust stream up or 
down as required. Vane position is 
controlled by a push/pull rod and 
lever system connected to the con- 
ventional elevator segment. 

Trim Control — Aerodynamic 
trim tabs are used on the rudder 
and elevators. Rudder trim is elec- 
trically operated, elevator trim is 
mechanical. Spring trim systems 
are provided for roll, yaw, and 
pitch and are effective at all wing 
tilt angles. 

Major Achievement—It is in 
the flight control system that one 
of the main developments in design 
has taken place. In forward flight 
the propelloplane is controlled like 
any other aircraft. The ailerons con- 
trol roll, the rudder yaw, and the 
elevator pitch. In transition flight 
from forward flight to hover, or 
vice-versa, the pilot operates his 
controls in the same way as in for- 


21. Landing Gear — Nose 
22. Radio 
23. Flight Test Instrumentation 
24. Hyd. Instal. Flight Control 
25. Fuselage Access Door 
26. Fuel Cell Support 
27. Landing Gear—Main 
28. Pitch Control Engine Instal. 
29. Pitch Control Engine Cowling 
30. Guard Instal. Jet Diverted 
31. Pitch Control 

Engine Tail Pipe Instal. 


ward movement and gets the same 
responses in movement from the 
X-18. Position corrections from the 
cockpit are translated to the control 
surfaces by a mixing box. This 
mixing control action is accom- 
plished by a strictly mechanical sys- 
tem with no electrical or electronic 
help. 

In vertical take-off, pitch move- 
ment is accomplished by diverted 
jet thrust at the special tailpipe, roll 
by differential thrust of the engine, 
and yaw by moving the ailerons in 
the slipstream from the propellers. 

In intermediate wing positions, 
aileron and propulsion thrust forces 
are mixed to give effective roll con- 
trol. Intermediate wing position 
yaw control is provided by the rud- 
der and aileron-thrust mixing. 


+ 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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EASIER, FASTER WAY TO SAMPLE AIR 


instrument 
cases 


(At Off-The-Shelt Prices’ 


earn h 
$29 


STAPLEX HI-VOLUME AIR SAMPLER 


Accurate to1100th micron = at speeds up to 70 CPM. making 

= . Be itl eai for measuring a types 0 
Inaiydeveloped by the New York _aifBorne particulate matter, in 
Office of the Atomic Energy Com- o0r8 oF out. 


mission. Weighs only 10 pounds. Staplex Air Samplers are being _Standard — 

Ruggedly built. Fully portable. used every day to solve the needs er ee 

Yet, it does in 10 minutes what of such companies as: Convair, 20 PAGES | 

formerly took 36 hours. pater ag agp a nag Air- ee a 
The Staplex samples huge vol- craft, North American Aviation, 

umes of air by passing it through Pratt & Whitney, Glenn L. Mar- 

filter paper 4” in diameter. Spe- tin and others. Tell us about your 

cial adapters are available for air sampling problem. 

6x9” and 12x12” filters. A turbine- Available in 110V or 220V AC 


type blower, designed for con- or DC models; 24V DC. $136.50, 
tinuous operation, draws in air f.o.b. Brooklyn, New York. 


WRITE TODAY Send me complete information on the Staplex Air Sampler. 
FOR NEW 


These free design manuals 
show how TA’s exclusive 
features can be quickly and 
easily adapted to solve your 
equipment housing problems. 


@ Large selection of standard sizes and 
styles. 


®@ Available in depths from 2% to 18 
inches. 


® Fast delivery (prototypes in 4 weeks). 


® Wide choice of standard handles, 
access doors, panels, and other 
accessories. 


@ No tooling charges on standards. 

® Free engineering drawings for your 
exclusive design requirements. 

STANDARD ALUMINUM 

CONSTRUCTION 


Meee eet. ee TA Mfg. Corp. 
The Staplex Co., 
Air Sampler Div. EEE a ae eee 4607 Alger Street » Los Angeles 39, Calif. 
782 Fifth Avenue, (or call CH 5-3748) 
Brooklyn 32, N. Y. TWX 9863 Glendale, Calif. » WUX CAT Los Angeles, Calif 
‘ ee ' 
Circle 24 on Inquiry Card | Circle 22 on Inquiry Card 


MASS PRODUCTION 


These self-sticking products for marking or masking help 
you get projects “off the ground”’ faster — whether prototype 
or production: 


WIRE MARKERS 


Identify wires, components, 
harnesses. The only wire 
marker that can be applied 
by hand or automatically— 
at speeds up to 1000 per 
hour. A marker for every 
size and type of wire. 


QUIK- 
on SHAPES 
Pre-cut : 
Made-to-order mark- masks for Self-stick- 
ers with any size, painting, ano- ing draft- 
color, legends, word- dizing, vacuum ing aids 
ings. 200 self-stick- metalizing, sol- for accurate 
ing materials. der dipping. 
@ . 3 “dua study will 


Write for more information about these and other Brady 
pressure-sensitive products designed to save prototype or 
production time. 


w. 4. FIG] co., 786 W. GLENDALE AVE., MILWAUKEE 9, WIS. 


MIAMI... 

AN UNLIMITED 
SOURCE OF 
SKILLED 


There is no shortage of skilled and technical 
labor in Metropolitan Miami. Skills and semi- 
skills want to live here and...since workers 
are happier in their jobs, turnover is gener- 
ally very low. The Dade County Development 
Department stands ready to help you with 
your plant location problems. Our assistance 
costs you nothing: 


Send for complete Economic Study of Metropolitan Miami 


Sites seamen. yas, +A 30-section, economic survey has been prepared to assist 
suff you in determining how your operation can profit here. This 


be mailed to you—in strictest confidence—if 


you write on your letterhead to the address listed below. 
WRITE: Richard 0. Welsh, Director 
DADE COUNTY DEVELOPMENT DEPARTMENT 


345 Northeast Second Avenue +» Miami « Florida 


Manufacturers of Quality Pressure-Sensitive Industrial Tape Products, 


Self-Bondi N lates, A ic Machi for Di i i iami 
ich, Mampi, Madnand tae ° oe An agency of the Metropolitan Miami Government 
Circle 23 on Inquiry Card Circle 25 on Inquiry Card 
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Coleopter— 


VTOL With Mach 3 Potential 


French barrel-wing design lends itself 
to compounding ramjet and turbojet propulsion; 
Aircraft is “tail-sitter™ 


By Ronald A. Cole 


The SNECMA Coleoptere when 
fully developed, is expected to reach 
speeds in the region of Mach 3. An- 
nular wing configuration of Coleop- 
tere lends itself readily to the re- 
quirements of a tail-sitting aircraft. 

On the prototype, the diameter- 
to-chord ratio, is one (1). This 
gives the basic wing-barrel a lift 
curve slope of 2x at incompressible 
speeds. A feature of such wings is 
that their lift-curve slope is about 
the same as that for plank wings up 
to an aspect ratio of two (2). Be- 
yond this figure the slope is progres- 
sively less. However when the cen- 
tral pod carrying the jet engine and 
a jet deflection system are added, 
the lift-curve slope becomes some- 
thing well above the 12= value. 

Jet deviation was incorporated 
as a means of control when landing 
taking off, and transition from one 
flight regime to another. The 


method consists of tapping air off 
the later compressor stages and 
ducting it down to the exhaust noz- 
zle. There are four main supply 


CLEARANCE DIAMETER of 14.5 ft, across con- 


pipes and each feeds to a peripheral 
outlet directed at right angles to the 
exhaust flow. . Each is spaced 90 
deg from the other and has means 
for throttling. Differential action of 
the outlets causes deviation of the 
main jet and this provides the con- 
trol function for vertical flight. Col- 
lective action of the outlets provides 
variable constriction of the main jet 
and this in turn adjusts thrust. 

Direct control of thrust by con- 
striction makes control independent 
of engine acceleration or run-down 
time, and allows engine to be run at 
constant speed. 

Configuration of the Coleoptere 
lends itself to compounding turbo- 
jet and ram-jet propulsion in a tail- 
sitting aircraft. This development 
will be seen in the high-speed ver- 
sions. Burners will be situated be- 
tween the wing and fuselage to 
form a very large ram-jet engine. 

In the present version, power is 
supplied by an SNECMA Atar 101 
E.V. turbo-jet of 8155-Ib static 
thrust. Dry weight is about 2000 


TRANSPORTER- 
ERECTOR com- 
bination facilitates 
placing the aircraft 
in flight position. 


t — 


_ . io 


trol-surface tips, makes Coleopter conveniently trans- 


portable by highway. 


Aircraft & Missiles « 


April 1960 


Ib, and continuous fuel consumption 
is about 1.01 Ib/lb static thrust/ 
hour. An eight-stage compressor 
and single-stage turbine are used. 

Intakes are canted forward 
to prevent air starvation, to the tur- 
bine, at high angles of attack. Two, 
retractable, stabilizer-type surfaces 
on either side of the nose are pro- 
vided to stop any tendency for the 
aircraft to roll while hovering. 

Annular wing is attached to 
fuselage by four planes; extensions 
of these become moveable control 
surfaces on the outside of the bar- 
rel. During forward flight their ac- 
tions are augmented by deflection of 
the jet. Small wheels are mounted 
on the ends of shock absorbers 
which cantilever out from the bar- 
rel trailing edge. Special trailer 
used for transporting the Coleoptere 
incorporates an erector for setting 
up the aircraft in flight attitude. 
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IN CECO’S SUBCONTRACT MANUFACTURING 
OF COMPONENTS AND ASSEMBLIES 


As a subcontractor, CECO is equipped to handle 
specifications demanding production tolerances as 
close as 5 millionths of an inch and finishes to .5 
RMS. Representative items manufactured to such 
specifications are pictured here. 


Behind this subcontracting capability are these and 
other “tools” of CECO’s trade: 


@ machine equipment like Milwaukee-Matics, 
P&W Magnaspark Automatic Profilers, 
Sheffield Multi-Form Crush Grinders, 
Cavitrons, and others... much of the 
equipment tape controlled 


@ temperature-controlled, contamination-free 
assembly areas 


@ spectographic and X-ray inspection 
equipment 


@ ultra-sonic cleaning devices 


@ electronic and computer laboratory facilities 
along with a wealth of production test 
equipment and facilities 


» SYSTEMS 


For more detailed information on CECO facilities and eo 
CONTROLS 


subcontract capabilities, write Department 79 or call 
W. P. Carpenter, Mgr. Subcontract Sales, ADams 6-0651. 


CHANDLER EVANS CORPORATION ¢ west HartrorD 1, CONNECTICUT 


W. B. Gurney 

7046 Hollywood Blvd. 
Hollywood 28, Calif. 
HOllywood 2-1239 


Circle 10 on Inquiry Card 


K. L. Moan 

305 Spitzer Bidg. 
Toledo 4, Ohio 
CHerry 8-5791 
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Vibration Nomograph 


Reference to two sets of scales 
enables designers to determine graphically 
natural frequency of circular plates 


by Dr. Robert L. Peters 
Chief Engineer, Neo Co. 


Fundamental elements of mechan- 
ical design often require the selec- 
tion or avoidance of natural fre- 
quencies; the nomographs presented 
here simplify finding the natural 


frequency (f) of circular plates. 
Example: A circular plate, made 
of beryllium, is fixed at the center 
with a continuous rod. Plate has a 
radius of one inch, and a thickness 


of 0.01 inch. Use the following pro- 
cedure to determine the “f” of this 
plate. 


(1) On “Circular Plate (Steel)” 


nomograph, on right-hand scale, se- 


NATURAL FREQUENCY OF STEEL circular plate is established by 
choosing desired clamping method, thickness of plate and its radius. 


Oe ee | ee 


CIRCULAR PLATES (steet) 
m=Number of Nodal Circles 
n=Number of Nodal Diameters = Center Clamped (m=3) 
00 Clamped at Rim (m=O), (n=2) 

Center Clamped (m=2) 
Free (m=2), (n=1) 
Free (m=1), (n=3) 
Clamped at Rim (m=1), (n=O) Free (m=2), (n=O) 
Clamped at Rim (m=O), (n=1) Free (m=1), (n=2) 
Clamped at Rim (m=O), (n=1) 
Free (m=1), (n=1) Center Clamped (m=1) 
Free (m=O), (n=3) 


Clamped at Rim (m=O), (n=O) 
F = = 
rae toe ree (m=1), (n=O) 


_— Free (m=O), (n=2) 
Center Clamped (m=0) 


CLAMPING 
METHOD 


0.00001 oO. 


THICKNESS NATURAL 
OF PLATE (iIN.) FREQUENCY 
(STEEL PLATE) 


ay t 


INDEX SCALE 
RADIUS OF PLATE (IN.) 
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VIBRATION NOMOGRAPH .. . 


continued 


Graphic method gives 
natural frequency of disks 


NATURAL FREQUENCY OF BERYLLIUM circular plate, in this case 
(or that of other materials listed), is the value established by the intersec- 
tion of line drawn across “Converted Frequency” scale. 


FREQUENCY CONVERSION NOMOGRAPH 
© 


Beryllium 


® 


Gold 
Stainiess Steel 


bie cre 2 ra 

——_ Aluminum & Titanium 
es 

Monel Metal \_~ Magnesium 

Tungsten 


Nickel 
Copper 
Brass, Bronze 


Silver 


CONVERTED 
FREQUENCY 


FREQUENCY 
FOR STEEL 


lect clamping method together with 
nodal circles and nodal diameters 
desired. For this example, consider 
center clamping, with m = 0. 

(2) On “Thickness of Plate” scale, 
locate value of 0.01. 

(3) With a straight line connect 
point representing 0.01 value and 
point representing “center clamp- 
ing” method. Connecting line in- 
dexes a pivot point on index scale. 

(4) On “Radius of Plate” scale 
locate the point representing the 
one-inch radius. Draw a line to 
connect this point to the pivot point 
on “Index Line.” 

(5) Extend connecting line to in- 
tersect the “Natural Frequency” 
scale. This gives the “f” (cps) for 
a steel plate. 

(6) Now, to find the “f” for ber- 
yllium plate, refer to the “Fre- 
quency Conversion Nomograph.” 

(7) Transfer “f” value obtained in 
(5) to the right-hand scale of con- 
version nomograph. 

(8) Connect this point to the ber- 
yllium index on left-hand scale. The 
point of intersection on middle scale 
(converted “f”’) gives the “f” for the 
desired beryllium plate. The same 
procedure applies to all the metals 
listed on the left-hand scale of the 


“Frequency Conversion Nomo- 
graph.” 
+ 
A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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FREE LITERATURE 


Worth Asking For 


Titanium 


A 14-page case history study sum- 
marizes design considerations which 
have dictated titanium’s current ap- 
plications in missiles.—Titanium Met- 


als Corp. of America. 
Circle 55 on postcard for more data 


Gyro History 
Booklet “The Gyroscope Through 
The Ages.”—Sperry Gyroscope Co. 


Circle 56 on postcard for more data 


Ceramic Elements 
Bulletin describes “Michelite” high 
temperature piezoelectric ceramic ele- 


ments.—Universal Dynamics Corp. 
Circle 57 on postcard for more data 


Potentiometer Selector 
Precision potentiometer selector 
chart.—Spectrol Electronics Corp. 


Circle 58 on postcard for more data 


Science Careers 

Ten-page selected bibliography on 
science, education and careers for the 
science and engineering student. — 
Scientific Apparatus Makers Assn. 


Circle 59 on posteard for more data 


Hand Torches 

Revised 36-page catalog on line of 
gas welding and cutting hand torches, 
outfits, tips and accessories. — Air 
Reduction Sales Co. 


Circle 6@ on postcard for more data 


Coatings 
Bulletin on dichroic coatings. — 
Optical Coating Laboratory. 


Circle 61 on postcard for more data 


Thermopiastics 

Significant physical, electrical, 
chemical and optical properties of 
nine thermoplastic materials.—Cadil- 
lac Plastic & Chemical Co. 


Cirele 62 on postcard for more data 


Electrical Resins 

The Catalog on line of “Scotch- 
cast” electrical resins. — Minnesota 
Mining and Manufacturing Co. 


Circle 63 on postcard for more data 


Electrica! Components 

Engineering specifications and ap- 
plication descriptions of electrical 
components for missile and aircraft 
ground power equipment. — General 
Electric Co. 


Circle 64 on postcard for more data 
Data Collection 

Booklet on “Friden Collectadata” 
information processing system. — 


Friden, Inc. 
Circle 65 on postcard for more data 
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Batteries 

Bulletin Z-101 contains technical 
data on three new Silvercel batteries 
for the missile field.—Yardney Elec- 
trie Corp. 


Circle 66 on postcard for more data 


Servo Systems 
New method for teaching servo 
systems is described—Servo Corp. of 


America. 
Circle 67 on postcard for more data 


Missile Tracking 

Brochure describes ROTI missile- 
tracking system. — Electro - Optical 
Div. 

Circle 68 on postcard for more data 
Powerplant Testing 

Control and data processing sys- 
tem for testing missile and rocket 
power plants is described.—Consoli- 
dated Systems Corp. 


Circle 69 on postcard for more data 


Wire Glossary 

Pocket-sized “Glossary of Wire and 
Cable Terms.”’—Standard Wire and 
Cable Co. 


Circle 70 on postcard for more data 


Theodolites 

Brochure describes series of azi- 
muth alignment theodolites used for 
azimuth accuracy of inertially-guided 
ballistic missiles — Electro-Optical 
Div., Perkin-Elmer Corp. 


Circle 71 on postcard for more data 


Aircraft Steels 

Booklet on the aircraft steels AM- 
350 and AM-355.—Allegheny Ludlum 
Steel Corp. 


Circle 72 on postcard for more data 


Control Valve 
Spec sheet on a tank pressurizing 


control valve.—Besler Corp. 
Circle 73 on postcard for more data 


Laboratory Standards 

Precision electrical instruments 
for laboratory standards described in 
new color brochure.—Weston Instru- 


ments Div., Daystrom, Inc. 
Cirele 74 on postcard for more data 


Tubing 
Design information catalog for 
aircraft and missile tubing and duct 
joint—Marman Div., Aeroquip Corp. 
Circle 75 on postcard for more data 


Motors and Actuators 

New 36-page catalog illustrates 
facilities and products. — EEMCO 
Div., Electronic Specialty Co. 


Circle 76 on postcard for more data 


Slide Rule Offered Free 

Circular slide rule which simplifies 
selection of pneumatic pressure reg- 
ulators is given with new catalog on 
regulators.—Stratos Div., Fairchild 
Engine and Airplane Corp. 


Circle 77 on postcard for more data 


Root Problem 

Illustrated 20-page treatment of 
screw thread “roots.” — Standard 
Pressed Steel Co. 

Circle 78 on postcard for more data 
Potentiometers 

Bulletin on “Turnquate” line. — 


Subminiature Instruments Corp. 
Circle 79 on postcard for more data 


Aircraft Supplies 
Catalog of aircraft supply items 
offered by leading firms.—Aircraft. 


Components, Inc. 
Circle 80 on postcard for more data 


Tach Generators 
Types of motor Tach generators 
described.—Avionic Div., John Oster 


Manufacturing Co. 
Circle 81 on postcard for more data 


Receiving Systems 

Brochure describes the firm’s ca- 
pabilities, facilities, and products. — 
LEL, Ine. 


Circle 82 on postcard for more data 


Seals 

Bulletin on high temperature and 
high pressure seals. — Skinner Seal 
Div., Hydrodyne Corp. 


Circle 83 on postcard for more data 


Resistance Welding 
Wall chart contains data for users 
of resistance welding electrodes and 


accessories.—Ampco Metal Inc. 
Circle 84 on postcard for more data 


Plastics 

Booklet answers basic questions on 
types of plastics and how they are 
produced.—_The Society of the Plas- 


tics Industry. 
Circle 85 on postcard for more data 


Honeycomb 

Technical Service Bulletin 107 re- 
ports plate shear strength of welded 
stainless steel honeycomb, Condition 
% C versus Condition A. — Hezcel 


Products, Inc. 
Circle 86 on postcard for more data 


Ultrasonic Cleaning 

Ultrasonic equipment for cleaning 
flat and convoluted metal filter ele- 
ment surfaces is described in illus- 
trated folder—PALL Corp. 


Circle 87 on postcard for more data 
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New Tungsten Alloy 


A new high-temperature alloy 
is performing successfully at tem- 
peratures up to 1750°F in jet en- 
gines. It is used for turbine nozzle 
vanes in the J-57, on 707 and DC-8 
airliners. Known as WI-52, the al- 
loy contains 13 per cent tungsten 
and supplants the X-40 alloy, which 
has been in use since 1941 with 
an operating peak of 1600°F. Some 
other uses might be in hot tools for 
forming, furnace components and 
brazing fixtures. — Stanford Re- 
search Inst. 


Circle 88 on postcard for more data 


Vinyl Jet Cover 

A vinyl disc solves a critical 
sealing problem created by the pro- 
longed time between an engine be- 
ing received and the time it is 
actually mounted on the DC-8. 
During this period extensive com- 
ponent assembly work is done. The 
vinyl barrier is engineered to come 
in contact with the engine at the 
inlet guide vane case only. This 
allows technicians unhampered ac- 
cess to the cowl and nose bullet 
without disturbing the barrier.— 
B. F. Goodrich Chemical Co. 


Circle 89 on postcard for more data 


Dry Film Lubricant 

A dry-film lubricant called Hi-T 
is now available in quantity lots. 
Its effectiveness has been proven 
on the hinges of the afterburner- 
speed brake on Republics F-105. 
Preliminary data is also available 
on its use in GE’s jet engine pro- 
gram. In this thrust-bearing appli- 
cation it withstood a load of 1400 
psi rotating at 720 rpm. Test dura- 
tion was 3 hr.—General Magna- 
plate Corp. 


Circle 90 on postcard for more data 
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New Materials 


Electronic Tefion 


A new plastic, “Teflon” 100, 
is expected to find wide markets 
in the electronics industries. Known 
as an FEP-fluorocarbon resin, it 
can be extruded or molded in 
thermoplastic processing equipment. 
Electrical insulating, anti-stick, and 
frictional characteristics are excel- 
lent and it will not absorb moisture. 
Heat resistance is about 100° lower 
than TFE resins.—E. I. du Pont 
de Nemours. 


Circle 91 on postcard for more data 


Copper-Clad Laminate 


A new copper-clad, hot-punch, 
paper-base phenolic laminate is 
flame-retardant. The material is 
called either Fireban 321-R_ or 
Fireban 321-E, depending on 
whether copper foil is rolled or elec- 
trolytically deposited. It is offered 
in sheets of approximately 36 x 48 
in. with thicknesses from 0.020 to 
4 in. Base stock is translucent and 
can be cold-punched to 1/16 in. 
thickness.—Taylor Fibre Co. 


Circle 92 on postcard for more data 


Rocket-Case Steel 


Unimach UCX2 is a cobalt 
modified AISI 4100 series steel de- 
veloped for high performance rock- 
et motor cases, and other national 
defense purposes which require 0.2 
per cent yield strengths of 225,000 
to 235,000 psi. Its contributions to 
ease of manufacture through excel- 
lent forming characteristics and 
good weldability help account for 
its success in critical applications. 
—Universal-Cyclops Steel Corp. 


Circle 93 on postcard for more data 


Missile Glass 

Glass with improved infrared 
transmission has been developed for 
high performance IR-guided mis- 
siles, and optical instruments. De- 
tection of relatively low-tempera- 
ture targets is possible with the new 
glass. In a thickness of 2 mm, the 
glass will transmit 77 per cent of 
the infrared at wavelength of 4.0 
microns, and 38 per cent at wave- 
length of 5.5 microns. At 600°C, 
there is no transmission loss at 4.0 
microns; only 13 per cent loss at 
5.5 microns. 7-in. diam domes can 
be automatically pressed. Larger 
sizes can be made to order.—Corn- 
ing Glass Works. 


Circle 94 on postcard for more data 


Rocket Liner 


A molded-rubber liner can be 
used with solid propellant rocket 
motors. The synthetic is produced 
for Minuteman’s third stage. It is 
fabricated in thicknesses ranging 
from 0.1 to 1.2 in. It “burns out” 
simultaneously with the expulsion 
of the solid propellant, reducing the 
weight and gauge of the casing and 
leaving the mass ratio at its greatest 
when the rocket reaches peak alti- 
tude.—Goodyear Tire and Rubber 
Co. 


Circle 95 on postcard for more data 


Silicone Curing Agent 


RTV silicone rubber is more 
easily prepared with three new 
paste-type curing agents. By dilut- 
ing the older liquid curing agent in 
a paste, a greater quantity is re- 
quired to effect a cure. As a result, 
it is much easier to accurately 
weigh and measure the catalyst. 
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Addition of color to the paste helps | 


assure complete mixing and disper- 
sion. — Silicone Products 
General Electric Co. 


Circle 96 on postcard for more data 


Ni-Cr Wire Alloy 


Chromel-R, a new modified 
80-20 nickel-chromium alloy said 


to possess optimum properties for | 
the manufacture of precision wire- | 
wound resistors and potentiometers. 


It consists of 74 per cent Ni and 20 
per cent Cr plus small percentages 
of alloying elements. Properties in- 
clude an electrical resistivity of 
800-ohms/cmf at 20°C, and a low 
controlled temperature coefficient 
of resistance.—-Hoskins Mfg. Co. 


Circle 97 on postcard for more data 


Lo-Shrink Epoxies 

Oxiron, 
resins, exhibits low shrinkage and 
low exotherm on cure. These prop- 


erties, combined with low tempera- | 


ture curability and lower density 
than conventional epoxies, make 
the new resins ideally suited to cast- 
ing and tooling applications. 

The resins will wet glass fibers 
and show good adhesion on cure. 
Laminates with excellent strength 
to weight ratio can be prepared 
under low pressure in relatively 
short cure cycles.—Food Machinery 
and Chemical Corp. 


Circle 98 on postcard for more data 


Epoxy Structures 


Intermediate-density (I. D.), | 


structural materials may broaden 
design concepts for structural engi- 
neers. These intermediate-density 


materials (20 to 40 Ib/ft*) are dis- | 
tinguished from low-density plastics | 
The I. D. structural mate- | 


foams. 
rials are formulated from several 
compounds, chief of which would 
be an appropriate epoxy resin 


blended with low-density micro- | 


balloon type fillers. Shear strength 
of 2000 psi is not uncommon. Be- 
low specific gravity of 0.6 they are 
not pourable.—Furane Plastics, Inc. 


Circle 99 on postcard for more data 


continues on next page | 
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Application! 


Do It Better With Thermo Electric 


Thermocouple Extension 
Cables and Wires 


You can obtain Thermo Electric 
thermocouple extension wire and 
cable in the widest variety of size, 
insulation, type and calibration, for 
your application—with prompt de- 
livery of all standard materials. 


New on the stock list, is the time and 
labor saving ““Thermo-Cable;’ from6 to 
56 matched pairs of 1.5S.A. color-coded 
thermocouple leads, individually in- 
sulated in PVC—collectively wrapped 
in “Mylar” aluminum-backed tape— 
with a tight-fitting PVC outer sheath. 
“Thermo-Cable” is practically imper- 
vious to moisture, abrasion, temper- 
ature, gasses and chemicals. Saves 
you the time, cost and effort of pulling 
individual wires through conduit. 


Individual or duplex thermocouple 
and extension wires are available in 
all standard calibrations—many in 
gages from 14 to 40—insulated with 
Polyvinyl Chloride, cotton lacquer, 
Nylon, Teflon, Fiberglass, Asbestos 


or combinations of these materials. 
Metallic overbraids of stainless steel 
and other high-temperature materials 
provide extra mechanical protection 
and shielding. 


“Ceramo”’, Thermo Electric’s metal- 
sheathed ceramic insulated thermo- 
couple wire is used for extra-high 
temperature and nuclear applications. 
Thermo-Electric also supplies thermo- 
couple wires to meet Mil-Spec require- 
ments. 

For information on selecting the right 
wire for your application, 


write today for Bulletin 32-W5-1 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 


Circle 26 on Inquiry Card 
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New Materials 


Vibration Damper 


A new noise and vibration 
damping material can control the 
resonant response of structures ex- 


~~ 


= 


1¢Rae Bro, 
at's 


posed to high-frequency vibration 
and “white” (wide band) noise. 
Designated Dyna-damp, it uses a 
special form of BTR (Broad Tem- 


R 

. ff + 7 | perature Range) elastomer which 
. | maintains damping resistance from 
~ " —65° to 250°F. Dyna-damp lami- 

— . ™ ‘ nated panels consist of plies of met- 
=. j al plates with BTR elastomer sand- 


wiched between the plates and 
bonded to them. Weight of a typical 
panel is 1.01 Ib/ft?—-Lord Mfg. 


Y ——_a ? — ~_ rt “ Co. 
/Y Re ’ tircle on postcard for more data 
, —_— —z | Circle 100 on postcard f dat 
if - = 
Vf, r% "7 « 
SZ New Polyester 
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s Merlon, a plastic to be marketed 
‘HOLEX Precision-built EXPLOSIVE 
drcotes. x enaes CINE eae a EXPLOSIVE BOLT this spring, is a linear aromatic 
of mechanical attachment with an integral i, polyester of carbonic acid. Its 
capability of release upon electrical com- PRESSURE CARTRIDGES chemical stability is comparable to 


‘mand. Available in diameter’ from 3/16 
inch to 2 inches: in tensile strengths to 


IGNITION CARTRIDGES 
CARTRIDGE-ACTUATED DEVICES 


polystyrene, polymethacrylate, and 
cellulose esters. It is stable against 
water, dilute mineral and organic 
acids, and saturated aliphatic hydro- 

carbons. It is not resistant to alka- 
For Your File 


Ss a - line materials. — Mobay Chemical 
elect from thousands of HOLEX precision HOLEX TECHNICAL ime 
DATA SHEETS O. 


explosive components the type to meet YOUL tell about HOLEX igni- 
ignition, pressurization, mechanical release, _ tien cortridges, pressure 
k fe/: Be by: ee 1 we + ° ° cartridges, explosive 
safe/arming, valving, and switching require-  poits, and cartridge-act- 
ments. Choose HOLEX for maximum product «sted devices. DEPT. C. 
reliability where minimum weight, positive 
action, and rugged resistance to environments 
are of utmost importance. 


Peay. Ween 
incorporated 


i 


Circle 101 on postcard for more data 


Dual-Coated Wire 


Resistance alloy wire with a 
dual high-temperature insulation of 
ceramic and Ceron (TFE) is now 
available. The wire can operate 
continuously at 250°C, and up to 
| 300°C for short periods. The com- 
bination of a ceramic undercoating 
with an overlay of Ceron imparts 
better mechanical and electrical 
| properties than a ceramic or a 


Design, Development, | (TFE) coating alone. The rubbery 
Test and Manufacture of Pre- | surface has a slick self-lubricating 
cision Explosive Components. | finish.—Kanthal Corp. 
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Altimeter 


Radioisotope density altimeter 
measures radioactive back-scatter, 
proportional to atmospheric dens- 
ity, at high cruise altitudes; it has 
been developed for use in high- 
performance missiles and jet air- 
craft. System consists of four major 
units: probe, radioactive source, 
detector and electronic circuits. The 
probe, a precision-machined, 30-in. 
long aluminum or melamine tube 
is mounted usually at a wing tip. 
Radioactive source is secured on 
the side of the probe. Atmospheric 
back-scatter from the source, a 
beta-emitting radioisotope with long 
half-life, is detected by a stilbene- 
impregnated plastic scintillator, 
then sensed by a photomultiplier 
tube, amplified and counted on a 
scaler.—Boeing Airplane Co. 


Circle 103 on postcard for more data 


Drum Contour 


Model 3523 four digit reversi- 
ble counter has geneva movement 
pinions and gears molded of im- 
pact resistant thermoplastic. Diam- 
eter of drums is 0.460 in.; has % 
in. high numbers. 


It is furnished with a mounting 
bracket, but the lugs may be 
clipped off and two screws used 
in the base for mounting —Haydon 
Instrument Co. 


Circle 104 on postcard for more data 


Magnetic Shield 


Compact “Rictometer” device 
shields out external magnetic fields 


Aircraft & Missiles « 


April 1960 


for calibrating aircraft compass 
transmitters and magneto-meters. 
More than 99 per cent of the 
Earth’s horizontal magnetic field 
may thus be eliminated, while creat- 
ing a known horizontal field ad- 
justable through 360 deg. It can 
be used in any shop or laboratory 
location without regard for magnetic 
disturbances.—General Electric Co. 


Circle 105 on postcard for more data 


Servo Valve 


Derivative pressure feedback 
electro-hydraulic servo valve fea- 
tures integral damping. It is for use 
in control systems where servo re- 
sponse is limited by load reso- 
nances. The valve functions as a 
flow-controller statically and has the 
combined characteristics of a pres- 
sure controller and flow controller 
dynamically.—Hydraulic Research 
and Manufacturing Co. 


Circle 106 on postcard for more data 


Control Valves 


These automatic control valves 
were designed to meet the missile 
launching requirements for Polaris- 
firing submarines. 

One type is a single-stage pres- 
sure regulator that provides air at 
relatively-low pressure, 


constant, 


from a high pressure storage sys- 
tem; some of this air is used to 
maintain proper pressure in the 
launch tubes prior to launching.— 
Garrett Corp. 


Circle 107 on postcard for more data 


Flow Regulator 


Precision HI-FLO regulator for 
fluids or gasses is designed to op- 
erate in a pressure range 0 to 8000 
psi, and is adjustable from 8 psi 


to full inlet pressures. It has a re- 
sponse time of less than 50 mille- 
seconds from lock-up to full flow 
or from full flow to lock-up. Can 
be regulated with 15 psi differential 
between supply and regulated pres- 
sures.—Solrac Inc. 


Circle 108 on postcard for more data 


continued on next page 
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New Parts 
and 
Components 


¥ 


Separation Nuts 
Separation Nut for missile sepa- 

ration systems is called safer and 

more efficient than release methods 


presently used. It finds specific ap- 
plication in multi-stage vehicles, 
nose cones, capsules, launching 
pads and sleds, as well as in tanks 
and jettisonable equipment. 

The controlled separation de- 
sign principle of the Separation Nut 
is unique when compared to the 
conventional explosive bolt. The 
principle combines a highly reliable 
mechanical separation which is ac- 
tivated by a small explosive charge. 
—Hi-Shear Rivet Tool Company. 
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As easy as plugging in 
your electric shaver 


FOR QUICK FOOLPROOR 
FLUID LINE CONNECTIONS 


HERE'S THE COUPLING FOR PRE JOB 


To connect a Hansen Two-Way Shut-Off Coupling, you merely@pull ba¢k the 
sleeve and push the Plug into the Socket. To disconnect, just pullback the 
sleeve. No tools required. When Coupling is disconnected, similar valyes in 
Socket and Plug shut off both ends of line — practically eliminate spilling. 
of liquid or escape of gas at instant of disconnection. 

Hansen Series HK Two-Way Shut-Off Couplings are available with female 
pipe thread connections from 1” to 1” inclusive. Available in brass or steel. 


SERIES HK® 
TWO-WAY SHUT-OFF COUPLING 


HANSEN CATALOG Instantly shuts off both sides 


Here’s an always ready of line... prevents loss of 
reference when you want liquid, gas, or pressure. 


information on couplings 
ia QUICK-CONNECTIVE FLUID LINE COUPLINGS 


in a hurry. 
FOR COMPRESSED AIR * HYDRAULIC FLUIDS « OIL « GREASE 


| P60} WATER * VACUUM « STEAM * OXYGEN * ACETYLENE 
* 4 


REFRIGERANTS * GASOLINE * COOLANTS « LP-GAS 
Ka TOOL. sHOow * 


Booth 2079 
SINCE 1915 


WRITE FOR THE 


REPRESENTATIVES IN PRINCIPAL CITIES 
QUICK-CONNECTIVE FLUID LINE COUPLINGS 
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Pressure Gage 


This non- mercurial pressure 
gage features a compact and rugged 
fused-quartz mechanism. Advan- 
tages claimed include low hysteresis, 
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pressure reproducibility with con- 
stant accuracy, and a low tempera- 
ture coefficient. Gages are avail- 
able in four pressure ranges: 0-1, 
0-40, 0-80 and 0-120 in. H.G., 
repeatable to within one part in 
30,000.—Buck Instrument Co. 
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Crash Recorder 


A system to enable probers to 
determine the cause of an air disas- 
ter within hours of the actual crash 
time has been developed. Miniatur- 
ized continuous data recording sys- 
tem automatically ejects itself clear 
of the crashed aircraft. The crash 
recorder was developed from equip- 
ment for inflight data analysis and 
recording. — Royston Instruments, 
Ltd. 
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Self-Locking Bolt 


Vibration resistant self-locking 
bolt meets MIL-F-18240 and MIL- 
F-5577B specifications for collapsi- 
ble fuel cell applications. This bolt 
incorporates a strip of locking ma- 
terial pressed into a milled slot, and 
is reusable many times without ap- 
preciable loss of torque.—Long- 
Lok Corp. 
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Nuclear Gage 
Transistorized fuel gage uses 
atomic energy to give increased ac- 
curacy and reliability. Gage auto- 
matically accounts for differences in 
hydro-carbon, or petroleum-based, 
fuels which affect the accuracy of 
conventional devices. It consists of 
gamma radiation sources, such as 
Cobalt - 60, scintillation detectors 


x. sgn sae 


containing a ratemeter and pulse 
amplifier, a power supply and an 
indicator.—Atomics International 
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"Aspirin" Switch 

New Klixon ATI-1 (“aspirin 
tablet”) precision switch establishes 
a miniaturization record for hermet- 
ically sealed switch design. It weighs 
less than 1/28 oz. Size reduction is 
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achieved by a unique, snap-acting, 
“W-blade” element. The envelope 
dimensions of the AT1-1 are 0.320 
in. dia by 0.440 in. length. Hermetic 
sealing is accomplished by applying 
the techniques of seam and stitch 
welding. Welding eliminates solder 
flux contamination and contributes 
to miniaturization. — Texas Instru- 
ment Corp. 
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New Electronic Products 


Hi-Speed Switch 

A high-speed sequencing switch 
regulates electrical pulses so that 
electro-mechanical locks can _ be 
opened at 10 millisecond intervals. 
Performance is achieved by transis- 
torizing the switch. Switch has the 
intrinsic ability to wait for a limited 
time to allow a sticky lock to oper- 
ate. After this period has passed a 
special safety device operates to 
allow the sequencing to continue for 
the other locks. — Microcell Elec- 
tronics, London 
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Explosive Switch 


Explosively actuated switch can 
break six circuits simultaneously. 
Originally designed for a specific 
missile, the XM-9 switch is now of- 
fered for general military or com- 
mercial applications. XM-9 mea- 
sures approximately 2 x 1 x 9/16 in. 
It weighs only 14% oz.—Dial Service 
and Mfg. Co. 
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Cooling Modules 


“Thermoelectric modules” pro- 
vide compactness, silent operation 
with no moving parts, and a con- 
trolled cooling rate in electronic 
units. Modules are designed in a 
variety of shapes and sizes for sim- 
ple mounting in any position. Can 
be physically paralleled to cool a 
large flat area, or stacked in series 
like building blocks for increased 
cooling. Units can maintain a 25°C 
temperature differential at a load of 
17 BTU’s per hour.—Westinghouse 
Electric Corp. 
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Solid-State Limiter 


Microlectron solid state current 
limiter is designed for electronic cir- 
cuits where ultimate protection is 
required. The limiter acts 300 to 
400 per cent faster than any related 
device known. It is a one-shot deal 


atv 


which fires in less than 1 millisecond 
at 316 per cent rated value, or 1/10 
sec at 150 per cent rated value. The 
limiter is available in ratings from 
1/32 amp to 5 amp in 2 configura- 
tions.—Microlectron, Inc. 
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Rugged Tape Unit 


Miniature tape recorder is de- 
signed for reliable operation over 
wide temperature range under ex- 
treme shock and vibration condi- 
tions. The recorder is now in use by 
continues on next page 
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TO DO FOR YOU? 


Graphite has been useful in aircraft and missile 
problem-solving as a component material in 
rocket motors, in brazing fixtures for airframe 
construction, and in other refractory applications. 


Further and more advanced uses of graphite 
in space age progress may well be developing now 
as part of your design engineering program. 


As one of the world’s largest producers of high 
quality graphite, we would welcome having our 
engineers and technicians work with you on these 
developments. 


May we have the pleasure of hearing from you? 


ODU 
et Cp 


s.ecteooe 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
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for MINIATURE and 
tL, SUBMINIATURE PRODUCTION SOLDERING JOBS: 


Srameaestas. err] 


the NEW, flmerican Beauty | 
BANTAM ‘“‘X’’ series | 
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Shown below are other 
shapes and tip-size irons 
available in the BANTAM 
"X" series. 


Designed with 50 watt input, these fine 
soldering irons will give greater productiv- 
ity and do industry’s most exacting solder- 
ing jobs easier, faster, better. SLOTTED 
STAINLESS STEEL CASINGS MAKE 
THE HANDLES REALLY COOL, ending 
operator complaints. There’s no waiting 
or fumbling with these light, flexible tools 
—they’re always ready. American Beauty 
soldering irons are known the world over 
for their dependability, durability and 
4 efficiency. Learn more about these fine 
soldering tools today. 


e 
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TIP WRITE FOR DESCRIPTIVE CATALOG SHEET, FORM NO. 222-CT 
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Tas Electronic 
Products 


Air Force on space probe projects, 
and by Navy in testing the Subroc 
missile. 

It is completely self-contained 
but requires external power. All- 
metal surface recording heads, and 
modular construction are featured. 


The unit can be driven in either 
direction and contains an end-of- 
tape sensor.—Leach Corp. 


Circle 119 on postcard for more data 


Electronics Cooling 


Size reduction of 83 per cent is 
made possible in a 1KW power am- 
plifier on B-58 by completely im- 
mersing the power unit in a fluoro- 
chemical coolant. The coolant dis- 
sipates approximately 1600 watts of 
heat within an air-tight case. Avionic 
heat vaporizes the liquid, carrying 
heat off in the form of vapor. This 
cooling technique is about 100 times 
more efficient than simple air con- 
vection for transferring heat gen- 
erated by hot-spot components.— 
Minnesota Mining and Mfg. Co. 
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New for Production 


Teletypewriter Unit 


Teletypewriter will produce a 
printed message on a_ standard 
11/16 in. punched tape fully com- 
patible with electronic readers and 
integrated data processing systems. 


Called the T2PN Printing Reper- 
forator, the unit prepares a conven- 
tional, fully-perforated, five-channel 
tape. At the same time, the machine 
prints a typewritten message be- 
tween the feed holes of the per- 
forated tape—The TELautograph 
Corp. 
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Transistor Tester 


ITVAC (Industro_ Transistor 
Value Automatic Computer) can 
test 750 transistors per hr, classify 


them according to programmed 
specifications, and record the test 
data. It is believed the fastest and 
most complete transistor tester 
available. 


Aircraft & Missiles «¢ April 1960 


Programming is done by a di- 
rect reading dial system. Entire pro- 
gramming operation may be done 
in 2 to 5 min. 

Test results are read and/or 
recorded on a system which in- 
cludes a 4-digit, digital voltmeter 
and a recording system feeding an 
IBM 526 (or similar) Printing Sum- 
mary Punch.—Industro Transistor 
Corp. 
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Boring Machine 


Precision boring machine uses 
standard machine slides and other 
building block components, includ- 
ing a total of eight precision boring 
spindles. 
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Workpiece, a massive aluminum 
alloy V-12 engine crankcase, is 
manually clamped on the fixture 
table, this being carried on a stand- 
ard hydraulic slide. Two other 
standard slides are used to feed 
boring and facing heads toward the 
part.—Ex-Cell-O Corp. 
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Welding Chamber 


Plexiglass “igloo” protects ti- 
tanium from the atmosphere during 
welding. 

Protective chamber permits 
welding to be done in the presence 


of inert gas such as argon—an ele- 
ment which does not affect the 
metal. 

Hemispherical enclosure is 
made of transparent Plexiglas 
acrylic plastic, mounted on a metal 
base plate to which it can be sealed. 
The plastic dome is fitted with 
gloved armports.—Rohm & Haas 
Co. 
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Spotwelding Control 


Electronic spotwelding control 
utilizes digital and analog computer 
elements, and employs the feedback 
principle. Called the Monautronic 
V-2 Control, feedback spotwelding 
unit cannot produce a substandard 


weld without immediately “locking- 
out.” Suitable for use on any metal 
that can be resistance welded.—The 
Budd Company 
Circle 125 on postcard for more data 
continued on next page 
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| New 
| for 
Production 


Computer "Grows" 


Low-cost “growable” analog 
computer is designed for “desktop” 
use. Unit is built on a modular sys- 
tem; more complex components can 
be added to the computer as re- 
quirements dictate. By expanding 
the basic desktop unit to a complex 
floor model at a cost of about $25,- 
000, a firm can add such com- 
ponents as a pre-programmed, re- 
movable patchboard system, up to 
64 amplifiers, electronic multipliers 
and diode function generators.— 
Bowman Instrument Corp. 


Circle 126 on postcard for more data 


Contour Grinding 


Linear and non-linear contours 
of missile nose-cones and other 
convex surfaces can be accurately 
produced by a _ new single-head 
grinder with tracer control and au- 
tomatic swiveling. 


The first of the new machines 
—with a 66-inch table and a maxi- 
mum work-height of 8 ft—has been 
delivered to Avco Corporation’s 
Lycoming Div.—The Bullard Co. 
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Oxygen Unit 


Transportable unit produces an 
unlimited supply of oxygen from 
the atmosphere and eliminates the 
usual heavy steel supply cylinders. 

Called AerOxy-Gen, the device 
delivers the gas at approximately 
five psi less than one minute after 
activation.—Aerojet General Corp. 
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Rigid Test Fixture 


Environmental test fix- 
ture may be used interchange- 
ably for vibration shock and ac- 
celeration tests to meet require- 
ments of a rigid, resonant-free 
mounting. 

T-type fixture of cast 
magnesium, can test specimens 
in three mutually perpendicular 
axes, simultaneously—Avco Re- 
search & Advanced Dev. Div. 
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New Books 


HELICOPTER DYNAMICS AND 
AERODYNAMICS. P. R. Payne. 
Macmillan, 1959, 442 pp. $17.00. 
Written from the viewpoint of a 
practicing aerodynamicist and proj- 
ect engineer, this book assumes a 
basic knowledge of helicopter 
theory. Classical aspects of vertical 
flight have been correlated with 
practical results, keeping in mind 
the requirements of the industry. 
Chapters are devoted to the follow- 
ing subjects: (1) General Aerody- 
namics; (2) Induced Aerodynamics; 
(3) Fundamentals of Rotor Dy- 
namics; (4) Dynamics of Rotors 
with Hinge Constraint; (5) Flapping 
Stability and Blade Movements in 
Gusts; (6) Performance; (7) Stability 
and Control; (8) Rotor Vibration; 
(9) Ground Resonance and Vibra- 
tion due to Rotor Resonance; (10) 
Control Loads and Vibration; (11) 
Blade Flutter and Rotor Weaving; 
(12) Blade Flexing and Resonance. 


ann Reports 


AIRCRAFT WEIGHT & BAL- 
ANCE CONTROL. H. G. 
D’Estout. Aero Publishers, 1959, 
128 pp. $3.25. This is the third 
edition, revised and enlarged, cover- 
ing general principles. It is written 
and illustrated in a manner easily 
understandable by maintenance 
personnel. Topics discussed include: 
basic measurements and computa- 
tions, weight shifting, and altera- 
tions, weighing, and loading pro- 
cedures, etc. Most major types of 
aircraft are covered. 


PLASTICS SAFETY HAND- 
BOOK. Society of the Plastics In- 
dustry, Inc., 1959. 200 pp. $5.00. 
This is the result of several years 
of voluntary work by specialists in 
the field of accident prevention, par- 
ticularly in fire prevention, health, 
inspection, maintenance, materials 
handling, etc. 

continued on next page 


Built-in Reliability is a bonus design characteristic you can 
depend on in Monrovia Aviation’s Ground Support Air Condi- 


tioning Equipment. 


The portable unit illustrated fully meets all Military Specifi- 
cations for air conditioning performance during pre-flight check- 
out of missiles and aircraft. Construction is rugged yet precise, 
with emphasis on airframe aluminum design for minimum 
weight and maximum strength. Controls are human-engineered 
for easy operation and maintenance. The entire unit has been 
carefully designed with built-in reliability constantly in mind! 


MILITARY AND COMMERCIAL 
AIRCRAFT ASSEMBLIES 


* Write for Product Brochure No. AC 5.01. 


801 Royal Oaks Drive, Monrovia, California 


MONROVIA AVIATION 


HONEYCOMB BONDED 
STRUCTURAL UNITS 


ELECTRONIC GROUND 
SUPPORT EQUIPMENT 


Phone: ELliott 8-3211 


“Airframe components and Ground Support Equipment with Built-in Reliability!” 


Circle 37 on Inquiry Card 
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MONROVIA AVIATION: Producers of precision air- 
craft structural assemblies, Monrovia Aviation’s 


‘products are installed on America's principal mil- 


itary and commercial jet aircraft. This Subsidiary 
also. designs and manufactures customized port- 
able air conditioning units for missile ground 
support purposes. 


WHITTAKER GYRO: Leading designer and manu- 
facturer of electromechanical and non-electric 
gyroscopes, including rate gyros vertical gyros, 
and position gyros. In addition, this Division is 
active in the sub-systems field with stable plat- 
forms, inertial guidance equipment, and aute 
pilots for missiles, 


WHITTAKER CONTROLS: Designs and produces 
aircraft and’ missile fiuid contro! systems, sub- 
systems and components. WC Products are in 
every production military aircraft and commercial 
airliner. In many of the nation’s missile programs, 
Whittaker is om solving extreme fluid controt 
problems. . 


_TELECOMPUTING SERVICES: Skilled in the estab- 


lishment and operation of data processing cen- 
ters, primarily for military and civil agencies of 
the Government. At White Sands Missile Range, 
TS! processes and analyzes missile test data. At 
Vandenberg AFB, this Subsidiary provides data 
processing services for SAC’s Ist Missile Division. 


ELECTRONIC SYSTEMS: Specialists in systems 
management, this Division also designs and man- 
ufactures a wide variety of equipment in the fields 
of electronics and nucleonics for highly classified 
Military Programs. In addition, Electronic Systems 
designs and produces Air Traffic Control equip- 
ment for the Federal Aviation Agency. 


DATA INSTRUMENTS: Leading designer and pro- 
ducer of data reduction systems for ground sup- 
port and range instrumentations. Product line 
includes shaft rotation digital equipment, decom- 
mutators, and other highly complex and special- 
ized instruments for missile and aircraft testing, 
telemetering and in-flight operation. 


ELECTRONIC COMPONENTS: Designs and pro- 
duces components, including magnetic amplifiers, 
transformers, micro-miniature relays, delay lines 
and high temperature ceramic capacitors. These 
reliable components are being selected for instal- 
lation in many of the country’s principal missile 
and space programs. 


COOK BATTERIES: Designers and manufacturers 
of automatically and manually activated silver 
zinc batteries for specialized missile application. 
These auxiliary power units provide primary or 


secondary electrical power. This subsidiary also. 


produces power conversion and other electronic 


‘appératus. 


TELECOMPUTING 
CORPORATION 


Los Angeles, California 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, created 
for the purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing advanced concepts in industrial and 
military control systems. 
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Metal Finishing Machines...and Methods « Industrial Brushes * Foundry Production Machinery 


64 


this jet 

gets built 
faster... 
with Osborn 


power 
brushing 


Not long ago, one of America’s top jet engine-makers flew straight 
into a production bottleneck. To remove sharp edges and burrs from 
a crucially important part, it was hand-filed and emery-rubbed— 
a job that took a full 80 minutes. Today, an Osborn Metal Finish- 
ing Machine does the same job in just 8 minutes . . . 10 times as fast. 
And the quality is higher, the finish more uniform and precise. This is 
typical of the way Osborn metal finishing methods are helping 
America’s leading industries. To find out how Osborn can help you 
speed production, cut costs and 
improve product quality, write 
The Osborn Manufacturing 
Company, Dept. AM-10, Cleve- 
land 14, Ohio. 


Circle 32 on Inquiry Card 


New Books Received 


continued from page 63 


TECHNICAL REPORTS 


The following reports may be obtained 
from the Office of Technical Services, U.S. 
Dept. of Commerce, Washington 25, D.C. 


MECHANICAL PROPERTIES OF 
17-7 PH AND PH 15-7 MO. 
STAINLESS STEEL. A. W. Bris- 
bane, Wright Air Development 
Center, U. S. Air Force. Jan. 1959. 
38 pages. Mechanical properties of 
two stainless steels, 17-7 PH (RH- 
950 Condition) and PH 15-7 MO. 
(RH-950 and TH-1050 Condi- 
tions), were investigated. $1.00. 
(Order PB 151703). 


PROPERTIES OF POLYETHYL- 
ENE AND RELATED POLY- 
MERS. C. Heller, S. Levinson, and 
C. Nudelman, TRG, Inc., for 
Wright Air Development Center, 
U. S. Air Force. The possibility of 
using polyethylene or other poly- 
mers in radiation shielding led to 
this research into the methods of 
production, properties, and struc- 
ture. Interaction of polyethylene 
and radiation are also treated. 
$1.50. (Order PB 151584). 


LUBRICATING OILS AND 
GREASES IN THE SOVIET 
UNION. N. Cheremeteff, Engineer 
Research and Development Labora- 
tories, U. S. Army. May 1958. 114 
pages. The report is divided into 
three chapters: Lubricants, Silicons, 
and Oil Additives; and Greases. 
$2.50. (Order PB 151294) 


THERMOELECTRICITY AB- 
STRACTS. References to the litera- 
ture on research, development, and 
application of thermoelectricity ac- 
cumulated by the Library of the 
U. S. Naval Research Laboratory. 
The two volumes appear under the 
same title, “Thermoelectricity Ab- 
stracts.” They are PB 151657, May 
1959, 112 pages, $2.50; and PB 
151810, Aug. 1959, 81 pages, 
$2.25. 
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Men on the Move 


William C. House 
Aerojet General 


Dr. John V. Atanasoff 
Aerojet General 


WILLIAM C. Housg, appointed di- 
rector, Systems Management, Aerojet 
General Corp. Dr. JoHN V. ATANA- 
SOFF, appointed Vice President, At- 
lantic Div. 


ALGIE A. HENDRIX, appointed man- 
ager of the AC Spark Plug Division 
operations in Milwaukee. RoBert G. 
BROWN, appointed director of Ad- 
vanced Concepts Research and Devel- 
opment. 


DONALD T. ATKINSON, appointed 
manager of marketing for General 
Electric Company’s Missile and Space 
Vehicle Department. WiLLIAM J. Con- 
NOR, JR., appointed manager of de- 
fense and business planning at the de- 
partment. Epwarp A. MILLER, named 
manager of the Discoverer program 
at the department. GENE R. PETERSON, 
named general manager of the Ord- 
nance Department. 


Loren A. Murphy 
Goodyear 


Carl F. Schaefer 
Norden Div. 


LOREN A. MURPHY, appointed vice 
president, Goodyear Aircraft Corp. 


CARL F. SCHAEFER, named engineer- 
ing manager; ERNEST J. GREENWOOD, 
named operations manager; at United 
Aircraft Corp’s Norden Div. 
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J. O. MoxNEss now heads Douglas 
Aircraft’s commercial sales office in 
New York. J. S. FARRA, appointed to 
succeed Moxness as director of domes- 
tic commercial sales. 


R. J. PFEIFFER, named manager of 
commercial aircraft marketing activ- 
ities at the Los Angeles division of 
North American Aviation. 


Dr. NICHOLAS A. BRGOVICH, ap- 
pointed assistant manager of Hughes 
Aircraft Company’s Ground Systems 
Group. Dr. ARNOLD M. SMALL, ap- 
pointed manager of the product effec- 
tiveness laboratory of the Group. 


JAMES A. BURNS, named director of 
long-range planning of the Systems 
Division of Bendix Aviation Corp. Dr. 
NAZZARENO P. CEDRONI, appointed 
technical director of the division. 


Dr. HarRoLp W. RITCHEY, ap- 
pointed vice president in charge of 
rocket divisions, Thiokol Chemical 
Corp. 


Gustave A. BLEYLE, JR., named 
head of the new Santa Monica office 
of Arthur D. Little, Inc. 


Dr. CLARK T. RANDT, appointed di- 
rector of the new office of Life Sci- 
ences of the National Aeronautics and 
Space Administration. 


Dr. Ropert A. Bass, named chief 
scientist for Aeronca Manufacturing 
Corporation’s Aerospace Div. 


Dwicut L. UmstTeap, Jr. and WIL- 
LIAM CONNAUGHTON, JR. appointed 
sales engineers for the Electron Tube 
Products department at the Red Bank 
Div. of Bendix. 


HENRY M. CROSSEN, appointed di- 
rector of manufacturing for Clearing, 
Div. of U. S. Industries, Inc. 


ApM. SHERMAN E. BURROUGHS, JR., 
USN, (Ret.), named special assistant 
to the president at Librascope Div., 
General Precision, Inc. 


HAROLD COOPERMAN, named man- 
ager of customer service for Rheem 
Semiconductor Corp. 
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CLYDE SKEEN joins Temco Aircraft 
Corp. as executive vice president and 
general manager. EARL H. FLATH, JR. 
has jointed Temco Electronics Div. as 
a senior scientist. 


Ropert S. CAMERA, Capt. USN 
(Ret) has joined Piasecki Aircraft 
Corp., Philadelphia, as Executive En- 
gineer. 


David S. Lewis 
McDonnell Martin 


Oscar F. Carlson 


Davip S. LEwIs, named senior vice 
president-operations, at McDonnell 
Aircraft. 


Dr. ALBERT C. HALL, named Mar- 
tin’s vice president of engineering. 
Dr. WILLIAM L. WHITSON, appointed 
director of advanced programs at 
Martin—Denver. OscarR F. CARLSON, 
named assistant to the general man- 
ager at Martin— Denver. Larry M. 
HAYES, named an assistant to the cor- 
porate director of Information Ser- 
vices, at Martin—Baltimore. 


BRIAN O. SPARKS, appointed Dep- 
uty Director of the Jet Propulsion 
Laboratory at Cal. Tech. 


Lioyp R. EVERINGHAM, appointed 
director of the Ryan Aeronautical 
Company’s Space Lab, with respon- 
sibility for operating Ryan’s newly- 
acquired subsidiary, Aerolab Develop- 
ment Co. 


Dr. ANTHONY GANGI and Dr. HAm- 
ILTON WRIGHT, appointed to the tech- 
nical staff at Space Electronics Corp. 


H. C. Jones, formerly chief of man- 
ufacturing control, was named man- 
ager of material; JACK HAYNES, ap- 
pointed chief of manufacturing con- 
trol, at Convair—Fort Worth. 
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Fee Industry Notes 


BRITISH VTOL FAN DESIGN 


THROTTLE REAR 
AIR INLET ™ RING ROTOR CASING 
|_ 
~ 9 ; Yj 
3 \ 


AIR INLET 
PORT 
INLET GUIDE NOZZLE 


VANES RING HUB 


OUTLET 


EXPLODED VIEW OF CONTROL FAN STATOR VANES 


‘ 
; | 
| 
e 
¥ : ; 


VTOL TESTS include Cornell Aeronautical Laboratory tower which tele- 
scopes so tests can be made in or out of ground effect. French facility 
(right) has diesel pulling while engine thrust pushes. Test aims at simu- 
lating engine landing against its own thrust. 
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A vertical-lift fan that can be 
controlled to give instant variation 
of thrust about a mean value has 
been developed by Boulton Paul 
Aircraft Ltd., U.K. It has been de- 
signed to operate on the relatively 
cold air tapped off turbine com- 
pressors. As a complete unit it is 
thin enough to be mounted within 
a wing profile with axis of rotation 
normal to wing surface. Total 
depth needed is 6 in. 

Basically, it is a single-stage fan 
driven by a turbine collar around its 
periphery. Compressed air is led 
into the turbine via two inlets in 
main casing. Inlets are tangential 
to fan diameter, and air passes 
through volute ducts within the cas- 
ing to two narrow ports. Each port 
subtends an angle of 74% deg 
around the periphery and is situ- 
ated diametrically opposite the 
other. Flow through the ports is 
controlled by a throttle ring actu- 
ated by a rack and pinion quadrant. 

Since the turbine is of the im- 
pulse type it is necessary for the im- 
pinging air to have as much mo- 
mentum as possible. To achieve 
this air is accelerated to supersonic 
velocity while passing through a 
nozzle ring. This ring is placed be- 
tween the ports and turbine collar. 
Speeding up is caused by the nozzle 
ring restricting the flow area, and 
the associated pressure-drop takes 
place entirely within the width of 
the nozzle. This 52-lb. unit gives 
variation of +150 lb about a mean 
thrust of 550 Ib, at 6000 rpm. 

Since there is only one continu- 
ously moving part, the fan rotor, it 
is lubricated by a total-loss system. 
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The Rupture Pressure Of A 4"Rupture Disc Made From 
This Paper-Thin Piece Of Stainless Steel By BS&B? 


Rupture Disc Metals 


es coe 
te 
PSI@720f° 


~~ 
Pressure as low as 5 


psi can be attained in 
large diameters; up to 
100,000 psi in small 
sizes. 


a] 


Aluminum Platinum _ Nickel 
Silver Stainless Monel 
Copper Inconel 


Rupture Discs are performing a wide 
variety of pressure relief and actuation 
functions on many of today’s most ad- 
vanced aircraft, missiles, rockets and 
submarines. 


Sizes from % inch up. 


Service temperatures 
from sub-zero up to 
1000° F. 


BS&B will design and 
fabricate any device to 
hold the rupture disc 
to your space and 
weight specifications. 


Here we show a few of these functions 
to illustrate the versatility of the rupture 
disc’s basic principle in application and 
design. Perhaps one of them will suggest 
an answer to your pressure control re- 
quirements. 


Rupture disc in larger fitting 
restrains the thrust of a “Jato 
Bottie’’ until the ignited pro- 
pellant develops a_ specified 
pressure. When the desired 
thrust value pressure is reached, 
the disc ruptures to provide in- 
stantaneous exhaust and result- 
ant thrust. Disc in the small fit- 
ting is a safety device for over- 
pressure relief. 


This device fits in the outer 
shell of a vacuum insulator ves- 
sel containing a fuel compo- 
nent. The rupture disc protects 
against dangerous pressure 
build-ups which might occur if 
oe, Sater shell should break or 
leak. 


Rupture disc in this fitting is 
used in underwater service. 
At a specified pressure the 
disc ruptures to actuate a trig- 
ger mechanism. 


This rupture disc fitting is 
used on seat ejection mecha- 
nisms to lessen shock by the 
dissipation of excess thrust 
pressure. 


This disc assembly is used to 
protect against overpressure 
in air conditioning systems of 
commercial aircraft. 


Here a rupture disc serves as 
a vital component in power 
pos so of nuclear powered 
submarine. 


Simultaneous rupture of the 
discs in two of these fittings 
triggers the mixing of a fuel 
and oxidizer. 


Rupture disc in this tiny fit- 
ting protects against overpres- 
sure in a missile’s hydraulic 
control system. 


May we suggest further investigation of rup- 
ture disc applicability to your pressure control 
requirements? For engineering consultation call 
or write... 


OVER 60 YE\ARS | | 
Es 


ast 
“* Eames oF mopuet =A Brack, Sivaics s Bryson, inc. 
Safety Head Division, Dept. 2-GC4 
7500 East 12th Street 
Kansas City 26, Missouri 


large diameter (24) Safety 
Heads ore fitted in manifold 
to provide overpressure pro- 
tection on this engine test 
chamber. 
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This great seaborne health cen- 
ter will carry a new kind of aid 
abroad—with your help. Part of 
the people-to-people project 
Hope, it will enlist 200 specialists 
in sharing our health skills. 


Ambassador with a blackboard, the Hope 
specialist will help the often woefully few 
local medical technicians train helpers. 
The result: many more hands. And that 
means one Hope dollar is multiplied 
many times over. 


If enough of us help, the S.S. Hope will be outbound 
in 1960. First port of call: Indonesia. A bold health 
project called Hope will be underway. 


The need is crucial. Many places, too many health 
hazards exist. Too many people robbed of the will to 
live. Too few hands to help. Often, a doctor for 100,000. 

Hope’s approach is practical. Help where a nation’s 
doctors ask help. Help them help themselves to health. 
By training, upgrade skills—multiply hands. Hope’s doc- 
tors, dentists, nurses, and technicians will man a center 
complete to 300-bed mobile unit and portable TV. 


You can not only make every dollar do the work of 
many, you can earn a priceless dividend. With health 
comes self-respect. People at peace with themselves are 
less likely to war with others, 

Hope is yours to give. It’s a people-to-people project. 
For one year’s worth, 3% million Americans must give 


sa ¥ a dollar. Don’t wait to be asked. Mail a dollar or more 


’ 1 ° 
é, ’ 5 
One local doctor for 100,000 people. These are the odds Hope now to HOPE, Box 9808, Washington 15, D.C. 
may face. Yet Hope can mean so much. The health of this child. g%e% 
J 


The health of five Indonesians. Trained hands and only a dol- ‘a 
lar’s worth of penicillin can cure them of crippling yaws. * ¢ 
uc gee 
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Industry 
Notes 


YHC-1B CHINOOK 
is turbine - powered, 
tandem-rotor. It can 
carry two-ton internal 
payload of Pershing 
components. 


NASA VTOL Report 


NASA recently issued results of 
its studies on longitudinal aero- 
dynamic characteristics of three 
prop-driven VTOL configurations 
in the transition speed range. Wind 
tunnel studies on tilt-wing, deflected 
slipstream, and combination tilt- 
wing-deflected slipstream showed: 

@ Tilt-wing requires least pow- 
er in hovering. 

@ Combination tilt-wing-deflect- 
ed slipstream has “relatively low” 
power requirements throughout the 
transition speed range. 

@ Power requirements of de- 
flected-slipstream configuration are 
“greatly increased in the region on 
ground effect.” 


Aerospace Log 


Feb. 11—Second X-15 reaches 
80,000 ft., Mach 2. 


Feb. 24—Titan carries data 
capsule 5000 miles into South At- 
lantic. 

Feb. 25—Two-stage Pershing 
makes first flight from Canaveral. 
As was planned, only first stage 
fires for 20-mile test. 

Feb. 27— First attempt to 
launch Midas satellite fails. 

March 5— Operational Atlas 
blows up on launch pad during fuel 
transfer training exercise. 

March 7 — Atlas fired 6300 
miles first time with all-inertial 
guidance system. Titan fired with 
radio-inertial guidance, falls short 
because of second stage failure. 

March 11—Pioneer V fired into 
solar orbit between orbits of earth 
and Venus. Three stage Thor-Able 
launches vehicle. 
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S America’s Most Complete Line of 
Industrial Sawing Machinery 


30 HP Chop Saw, 
Capacity 8" Rounds 
or Beams 


150 HP Friction Saw 
Capacity 24” 
Channel 


Twin 40 HP Gantry 
With 90° Swivel Heads 


If you can’t cut it with a 
standard saw . . . call us! 
Ty-Sa-Man has built thous- 
ands of special and stand- 
ard saws, one of which may 
solve your problem. If not, 
our engineering staff is at 
your disposal. 


144 DB Saw 
for Plate 


TY-SA-MAN 
MACHINE COMPANY, 
1135 White Avenue 

Knoxville 1, Tennessee 


Write Today for Free Brochure 


A brochure pictures and describes the functions of 
many metal saws. If you have a cutting problem, 
write or call today. 


Inc. 
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THE Industrial 
Yule Kirbrasive’ Unit 


We cut a section from this fragile sea shell just to show that in a matter 
of seconds almost any hard, brittle material can be cut or abraded with 
the S.S. White Industrial Airbrasive Unit. 

Cool, shockless, super-precise, the unit uses a controlled stream of 
fine abrasive, gas-propelled through a small nozzle. It is so flexible in 
operation that the same simple tool can frost a large area or can make 
a cut as fine as .008” . . . on a production basis! 

Almost every day new uses are being discovered for the Airbrasive 
Unit, in the lab or on the production line .. . shaping... deburring.. . 


wire-stripping . . . drilling . . . engraving . . . frosting . . . materials test- 
ing .. . cleaning off surface coatings. 
All types of hard brittle materials . . . glass, germanium and other 


fragiie crystals, ceramics, minerals, oxides, metal, certain plastics. 


Send us your most difficult samples and 
we will test them for you. sire 


SEND FOR 
BULLETIN 5705A 
...complete information 


Yule 


New dua! Model D! 
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Industry 
== Notes 


Mercury Path Indicator 


An Earth Path Indicator devel- 
oped by Minneapolis Honeywell 
will permit the first Mercury as- 
tronaut to “see” where he is over 
the earth at all times during orbit. 
It will be the prime source of posi- 
tion information for landing if the 
astronaut loses contact with ground 
tracking stations. 

A globe inside the shoe-box 
sized indicator revolves slowly to 
duplicate the position of the earth. 

The astronaut will view the 
globe through a window on his in- 
strument panel as if he were actu- 
ally seeing the earth below him 
through a window in his capsule. 

Markings on the globe show 
longitude, latitude, continents, to- 
pography and major cities. A bull’s- 
eye sight of the window pinpoints 
the capsule’s location over the 
earth. Other markings pinpoint the 
place where the capsule would land 
when ejected from orbit. 


Mercury Nerve Center 


Stromberg-Carlson, San Diego, 
will design, build and install the 
vital monitor and control display 
system for Project Mercury. The 
display system, described as the 
“nerve center” for the project, will 
be installed in the NASA control 
center at Cape Canaveral, Fla. 

The center will display informa- 
tion about the flight gathered from 
a world-wide network of tracking 
and telemetry stations and several 
large computers. 

Data imputs such as the astro- 
naut’s heart rate, blood pressure, 
and body temperature; and the cap- 
sule’s oxygen pressure, acceleration 
rate, attitude and route determina- 
tion will be fed into the center and 
visually displayed. 

The monitor and control display 
system, as designed by Stromberg- 
Carlson, will be housed in a room 
40 ft. wide by 60 ft. long. 
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LARGE AND SMALL of ground effect machines is illustrated by Saunders-Roe experimental Hovercraft and 
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Bell Helicopter’s “air scooter.” Former weighs 8500 lb. and can carry 20 marines. Latter weighs 160 Ib. holds 


one man who shifts his weight for turns. 


R & D Briefs 


Experimental laminates to be 
studied for missile applications at 
Taylor Fibre Co. include web-resin 
combinations with high temperature 
resistance. 


Missile-impact underwater De- 
tection System, developed by Bell 
Telephone, will aid nose cone re- 
trieval on Pacific as well as Atlantic 
Missile Range. Missile Range 
“Hydrophone” Stations are being 
set up on islands in the Pacific. 


Project Mercury high altitude 
simulator—being built for the 
astronauts by Tenney Engineering 
—will hold actual Mercury capsule. 
It will simulate altitude of 225,000 
ft and possible dive rates. 


Production Techniques 


Dynamic analyzer to simulate 
conditions of space will be installed 
at Wright-Patterson Air Force Base. 
To be completed in two years, it 
will test systems and subsystems of 
satellites and advanced aircraft. 
Machine moves violently in spider- 
like fashion for roll, pitch and yaw. 
Builder: Minneapolis-Honeywell. 


Fibre-glass-wrap technique has 
cut weight of Atlas thrust chambers. 


“Machining” speeds of 250,000 
ft. per min have been obtained by 
researchers at Lockheed’s California 
Div. Tests were made on high- 
strength steel and titanium alloys. 
Investigation of ultra - high - speed 
machining uses a 20-mm cannon, 
which fires workpiece past the cut- 
ting tool. 
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You can Adapt BOKOE 
Flow Forming & Spinning Lathes 
To Your Exact Production Needs 


BOKOE “Hycoform” D 35H 
with fully hydraulic cross 
slide, profiling attachment 
and hydraulic tailstock. 


From simple spinning lathes 

to fully hydraulic 

“Hycoform” machines 

with built-in copying attachment 
and automatic cycle control. 


BOKOE adaptability can save you 
money—and simplify your spinning 
or flow forming production problems. 
BOKOE’s “building block” design 
lets you choose a machine suited 
exactly to your production require- 
ments. You don’t have to “get by” 
with sub-capacity machines, or over- 
invest in more machine than you 
need. And you can extend the produc- 
tion performance of your BOKOE 
machine whenever necessary. 


From basic design with hand rest and mechanical tailstock, 
BOKOE machines can be extended to include: 


@ Mechanical, hydro-mechanical 
or fully hydraulic cross-slide 

@ Front only or combined front & rear cross-slides 

@ Mechanical or fully hydraulic tailstock 

@ Built-in, hydraulic copying attachment 

@ Automatic cycle control 
There’s a BOKOE machine for every type of spinning and 
flow forming operation—for light and heavy work on ferrous 
and non-ferrous materials—for cylindrical and conical shapes 
and nose cones used in aircraft and missile applications. 

@ Flow forming of Aluminum up to %” thickness 

@ Flow forming of soft steel up to \” thickness 


BOKOE Light Spinning Lathe 
D 35 L with hand rest 
and mechanical tailstock. 


@ Swing up to 86” maximum 
@ Longitudinal slide movement of 40” 


Importers of Leading Precision Machine Tools 


Nationwide Sales and Service 
COSA CORPORATION, 405 LEXINGTON AVENUE, NEW YORK 17, N.Y. 


IN CANADA contact COSA CORP. OF CANADA, LTD., 1160 Lakeshore Rd., Long Branch, Toronto 14, Ont, 
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Proved! New, Better Way to 
Seal Drilled Holes with... 


TAPERE 
PINE | 


Pitino i ” s 
PLUG ‘> 
eS ROOVER 


CS 


THE LEE COMPANY 


Less weight! 
Less cost! 


NEW ((on-PLUGS 


Seal simply, positively 
Prevent costly leaks! 


Now — forget conventional, costly 
methods of sealing holes that serve 
as flow or pressure passages. The 
Lee “Pin Plug” is a cylindrical plug 
with a tapered reamed hole partway 
through its center and numerous 
small grooves on its outside surface. 
Simply place it into reamed hole 
and drive in the tapered pin until 
ends are flush. Controlled expan- 
sion causes grooves in plug to “bite” 
into casting and form independent 
seals and retaining rings. Extensive 
laboratory tests report no leaks un- 
der normal pressures, often show 
bone dry seals up to pressures of 
40,000 psi. 


Now successfully and widely used 
on aircraft and missiles — for 
pumps, servo valves, regulators, 
etc. Available steel and aluminum 
and in both long and short series. 


© pot #2,821,323 


— 
— 


SOME TERRITORIES STILL OPEN FOR QUALIFIED 
TECHNICAL SALES REPRESENTATIVES. 


Write today for Standard 
Sizes and Engineering Data 


OLD SAYBROOK, CONN. 
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Contracts 


Radio Corp. of America— 
$474,831,000 for work on the Air 
Force’s Ballistic Missile Early 
Warning System. 


McDonnell Aircraft—$33,500,- 
000 from NASA for increasing 
number of Mercury capsules to 20. 


Convair-Pomona—$25,200,000 
for additional production of the 
Navy’s advanced Terrier missile; 
$19,000,000 from ARDC in initial 
funding of a $43-million contract 
for Centaur airframe and storage 
tanks. 


Temco Aircraft — $25,000,000 
for continued development and 
flight-testing of Corvus for the Navy. 


The Martin Co. — $12,687,000 
for continued production of Army’s 
Lacrosse. 


Sikorsky Aircraft—$45,000,000 
for HSS-2 helicopters and parts. 


Bell Helicopter — $5,000,000 
from the Air Material Command for 
HU-IB helicopters and equipment. 


Ryan Aeronautical—$5,9 14,000 
to Ryan Electronics Div. for initial 
procurement of an/APN-130 dop- 
pler radar navigation sets to aid 
hovering of the Navy’s new anti- 
submarine helicopters. 


BERYLLIUM-MACHINING plant 
at Armstrong Whitworth Aircraft 
was recently opened. Machining 
takes place inside enclosed ma- 
chines. 
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STRENGTH/WEIGHT 


How Lukens Application Research can help you 
find the right steel plate for the job 


Designing for maximum payload means tak- 
ing maximum advantage of today’s high 
strength steels. Experts who know these 
steels—from a practical as well as technical 
standpoint—can give invaluable assistance 
in the early planning stages. This is the job 
of our Application Engineering staff. 

LPG transport tanks and power shovels 
are widely divergent areas in which Lukens 
engineers have helped increase payloads. 

The use of Lukens “T-1” steel plate and 
heads in tanks for hauling LP-Gas has fos- 
tered an entirely new design concept in the 
tank truck field. This high tensile, high yield 
strength steel (100,000 psi) makes it pos- 
sible to mount wheels directly on the tank. 


ASK FOR THE LUKENS 
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The dead weight of heavy underframes goes 
into payload. 

Working with a major producer of power 
shovels, our staff suggested tough Lukens 
“T-1” for buckets, dipper sticks, bucket teeth 
and other key parts. Lightweight, welded 
steel plate—rather than heavy castings— 
added as much as 40% to load capacity. 

From these successful projects—and many 
more—our Application Engineers have 
gained knowledge and experience of value 
to design engineers. That’s why we say... if 
your assignment is strength/weight, let it be 
our assignment, too. Contact Manager, Appli- 
cation Engineering, L-40 Services Build- 
ing, Lukens Steel Company, Coatesville, Pa. 


“T-1" STEEL BULLETIN 


Helping Industry 
Choose Steels 
That Fit The Job 
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How To Get Things Done 
Better And Faster 


BOARDMASTER VISUAL CONTROL 


yy Gives Graphic Picture — Saves Time, Saves 
Money, Prevents Errors 

yy Simple to operate — Type or Write on 
Cards, Snap-in Grooves 

yy Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

yy Made of Metal Compact and Attractive. 
Over 500,000 in Use 


Full price $4950 with cards 


24-PAGE BOOKLET NO. VM-10 
Without Obligation 


Write for Your Copy Today 
GRAPHIC SYSTEMS 


Yanceyville, North Carolina 


Circle 46 on Inquiry Card 


SPRING & FUSE CLIPS, 
LOCK WASHER TERMINALS 


Order from Zierick stocks for 
quick delivery. New termi- 
nals with #4, 6, 8 holes, 
spring and fuse clips made 
from .018 brass or phos- 
phor bronze, hot tinned. 
Special parts quoted 
from sketches or blue- 
prints. Production on 
our upright presses 
or multi-slide ma- 
chines. Over 500 
stampings and 
wire forms to 
choose from. 


ng mee I 
WZIERICK MANUFACTURING CORP! 


79 Rockdale Ave., New Rochelle, N. Y. 7 
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74 


FAST! 


Lugs * Clips ¢ Terminals 
Wire Forms from Stock 


Send your copy of the new 
Zierick catalog No. 22 TODAY! 


Ee seal...hold... i i 
Ong ary \ © weakening. Available in three versions to 


4 Industry : 
SS Notes aw 


helpful booklet 
— prop- 
erties and uses 
of Wh itelight 

Magnes ium... 


New Facilities 


CTL Div. of Studebaker-Pack- 
ard Corp. will build a new plant at 
Santa Ana, Calif. for actual pro- 
duction of high-temperature rein- 
forced plastic components for mis- 
siles and space vehicles. 


ibid aligha 
MAGNESIUM 


Your comprehensive independent 
mill source of magnesium alloy . 


RODS—'/,"" dia. to b!," dia. 


First missile depot for storing 
and maintaining Air Force missiles | az1o TUBING—"/, 
Materiel Area, Norton AFB, Calif. | az61 
It will repair and store Thors, and | yy66 
will eventually maintain parts for | zK30 


inet a M-1 
Atlas and Titan. 2K-20 


Anodes 


Fairchild Engine and Airplane’s 
plastics branch has doubled facili- 
ties at Copiague, L. L., N. Y. 


National Beryllia Corp. has 
tripled facilities at North Bergen, 
N. J. for research and production of 
beryllium oxide ceramics. 


STANDARD 


ELECTRICAL SILICONE FIBERGLAS 
PARTS delivered : 


TAPES 


Despite terrific temperature changes, abra- 
sions and repeated immersions in acids, 
oils and water—these stainproof electrical 
tapes have demonstrated their ability to 

and insulate without 


meet your Class H insulation requirements. 


fea 


NEw Rochelle 6-8520 © 


MYSTIK BRAND’ 


| 
BARS, STRIPS—.022"' min. to 734"" max. 
SOLID SHAPES—022" min. to 6/2" circle 
po ' O.D. to 6" O.D. 
is Operating at San Bernardino Air HOLLOW SHAPES—'/," to 6'/2"' circle 
PLATE and SHEET—.092" to 3" thick 
(36'' and less) 
E 
8 
| 


Your inquiry will receive our 
prompt attention. 
I'WV\ii METAL ROLLING 
& STAMPING CORP. 


112 Moultrie St., 


Brooklyn 22, N. Y. 


Factories: Brooklyn, N.Y. _ Warsaw, Ind. 
Los Angeles Warehouse: 
660! Telegraph Rd. 
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7000-G: Silicone adhe- 
sive on one side. 
7100-G: Silicone adhe- 
sive on both sides. 
7300-Extra Thin: Flex- 
ible Mylar® polyester 
film backing. Tempera- 
turerange:80° to+325°F. 


Write for samples and further information 
Mystik Adhesive Products, inc... 
2635 N. Kildare Ave., Chicago 39 
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“Information 
Center” 
for Roebling 
Aircord 


——— 


Here is where the immediate response 
of Roebling Aircord is felt. Roebling 
Aircord — tinned, galvanized carbon 
and stainless—is made to exceed mili- 
tary specifications. 
Roebling Aircord is made in a full 
range of sizes and constructions. Cord 
’ can be furnished in stock lengths or in 
complete assemblies. . . fittings are avail- 
able for every requirement. Lock-Clad, 
preformed cable with aluminum tubing 
swaged around it, is also produced by 
Roebling...the original producer, and 
for many years the only producer. 

For further information on Roebling 
Aircord, write to Wire Rope, John A. 
Roebling’s Sons Division, Trenton 2, 
New Jersey. 


ROEBLIANG 


Branch Offices in Principal Cities ' 
John A. Roebling’s Sons Division 
The Colorado Fuel and Iron Corporation 
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Business Moves 


Bendix Aviation Corp. 
adopt a new name— 
Corp.”—About June 1 Bendix ac- 
quired an 80 acre site in the San 


will 


Fernando Valley for a_ planned | 
- 650,000 sq. ft. electronics center. 


Leach Corp., Compton, Calif., 


acquired Electrospace Laboratories | 
manufac- | 
turer of subminiature command re- | 


Inc., Pasadena, Calif., 
ceivers for missiles and space ve- 


hicles. 


“The Bendix 


Robinson Technical Products | 


Inc., manufacturer of shock-re- 
sistant mountings, has approved 
consolidation into Robinson of 
Kensico Tube Co. 


Fairey Aviation merged its air- 
frame and helicopter activities with 
the Westland Co. This reportedly 
clears the way for support of the 
Fairey Rotodyne by the British 
Ministry of Supplies and the gov- 


ernment-owned British European 


Airways. 

Patent Intelligence File Co., 
New Haven, Conn. introduces daily 
patent search and abstract service 
this month. 

Irradiated Insulations, Inc. has 
been formed to produce insulated 
wire for the electronics, aviation 
and missile fields. Firm was set up 
by Carlisle Corp., Carlisle, Pa., and 
Radiation Applications, Inc., 
Island City. 

Marbon Chemical Div., Borg- 
Warner Corp., reduced prices from 
seven to nine cents per Ib. on truck- 
load quantities of CYCOLAC ABS 
plastic. 


F-1 MOCKUP is shown at Rocket- 
dyne, which expects to have the 1,- 
500,000-Ib.-thrust engine ready for 


| flight in four years. 


Long | 


fj heating ‘equipment represents. 
’ the most advanced thought - oe iy 
_ field of electronics ...the most prac- 
} tical and efficient source of heat 
} developed for maneseue’ Mail ef 
- applications. You are invited to send — 
samples of work with ‘specifications 
Our engineers will | process and re 
turn the —— job with full data 
Ss ; 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


PLASTIC COATING 
OF TOOL HANDLES 


A production line operation for 
coating handles of tools at Whitney 
Metal Tool Co., Rockford, Ill. uses 
induction heating with excellent re- 
sults. The handles only are heated 
by induction to the desired tem- 
perature then dipped into a vinyl 
chloride base coating material for 
a short period depending upon the 
thickness of coating desired. The 
plastic coating formed on the han- 
dies is then cured by immersion in 
a carbo-wax bath. 


FORMING OF METAL STRIP 
FACILITATED BY 
PROGRESSIVE ANNEALING 


STEEL STRIP sree, stRiP AFTER 


INDUCTION COIL PRELIM: NARY FORMING 


Metal forming operations which 
require intermediate anneals to re- 
store ductility can be facilitated by 
induction annealing the strip pro- 
gressively. Diagram illustrates this 
procedure for partially formed thin 
austenitic stainless steel strip. The 
induction annealing operation is 
scheduled in the production line 
between two press operations. 
Metal strip and wire of other mate- 
rials are also induction annealed 
in this manner. 
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Texas Instruments, Martin Company, 
Bell Telephone Laboratories and many 
other firms are turning to Acoustica 
for better cleaning ultrasonically! 


Now you can clean better and faster. In seconds—all dirt, 
dust, and soils are “cavitated” away ultrasonically. No 
scrubbing, no disassembling, maintenance costs are 
sharply reduced. Acoustica ultrasonic systems are appli- 
cation tested and certified for your particular needs. Send 
for details of complete Acoustica line of the most 
advanced ultrasonic equipment and cleaning chemicals. 
Acoustica Associates, Inc., Fairchild Court, Plainview, 
N. Y., 1042 Aviation Blvd., Los Angeles, Calif. 


\ apRLICATIONS by) ¥ |) 


acoustica 


ULTRASONIC CLEANING SYSTEMS 
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Free Information for Readers 


USE THESE TIME-SAVING POSTAGE PAID REPLY CARDS 
FOR MORE INFORMATION ON 


FIRST CLASS Advertiser's Products 


Permit No. 36 | and Services 
New York, N. Y. 


Copies of Technical 


BUSINESS REPLY MAIL Literature 


No Postage Stamp Necessary if Mailed in the United States 


New Materials and 


POSTAGE WILL BE PAID BY Components 


Aircraft & Missiles —— New Production 
P. O. Box 74, =——— Equipment 
Village Station =— 


Readers Service Dept. New York 14, N. Y. New Electronic 


| Equipment 
amma alata atin Macias iE a TB a ha SEN hang iin gt TS ail i aire ain ! and 
Postcard valid 8 weeks only. After that use own letterhead fully cescribing item wanted. y 
Please send further information on items circled below. APRIL, 1960 | Employment 
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NE TEST EQUIPMENT 


=, MODEL/302 . vacuu “CARRIAGE § SHOCK-TEST FACILITY © 
_Imparts long duration “shock impulses to heavy 

% specimens, such as missile nose cones. It consists of a 

_HYGE actuator and four concentric tubes with integral 
water cushion for deceleration. | Unique design results in- 
“clean wave form, and absence of undesirable transients. — 

Maxintur rated thrust, 180,000 | Ibs. Height extended, 18 ft. | ii 


- MODEL/334 +» FORC SE FUSE VEST FACILITY. : 
This Machine imparts a predetermined force-time impuise 
to @ test article with external control of force tevel, nee time. 
G@well, and decay. Typical applications: to simulate the 
Vettects of a nuclear explosion upen huiiding foundations; 
to simfulete stresses inva rocket engine test stand. Dwell 
time may vary from frections of a millisenond to severa! 
Minyleg Rise aod. decay bl one to 200 milliseconds 


typical specimen 
“specimen | table 
actuator 
chamber a" 


‘piston 


+ 
ue RE Pressure 
uripading valve 


chamber “A 


arifice plate 


MODEL/347 « SHOCK-TEST FACILITY 
This machine provides great versatility and contro! of 

g level, duration, wave form, and specimen mass. It can 
produce, for example, a 3000 g short time peak, followed 
by a 4 cosine impulse. Typical application, simulation of 
2-phase water re-entry shock. Rated maximum thrust, 
450,000 Ibs. External deceleration by a 60 ft. rail system. 

Steen mounted on Carriage with friction brakes. 
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reaction block 
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specimen 
carriage 
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rail system 
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orifice plate 


Hyge vaive as 4 


orifice 
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The advanced Mechanical Systems Group of Convair’s Dyna- 


and upon the diameter of the actuator. HYGE test equip- 
pak Division has pioneered in the development of dynamic 


ments are characterized by exact repeatability, great versa- 


loading and shock test equipment and mechanical simulators. 
Key element in many of these devices is the HYGE (Hi-G) 
pneumatically energized actuator. This power source can 
produce maximum thrusts of 50,000 Ibs. to 500,000 Ibs., 
depending upon the model number of the machine selected, 


tility, ease and precision of control, and rapid operation that 
will permit “on-line” test of production items. HYGE equip- 
ment may be adapted to your needs by modification of stand- 
ard models, or it may be completely custom designed to your 
requirements. Write, wire, or phone: 


ADVANCED MECHANICAL SYSTEMS GROUP 


DYNAPAK / CONVAIR, A DIVISION OF GENERAL DYNAMICS CORPORATION 


1243 Transit Avenue, Pomona, California « Phone: NAtional 3-1561 


Engineers: Make your career in this dynamic and growing organization. Send your resume to William K. Stewart. 
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BOWLING BALLS—MOLDING 


These two steam heated, 200 ton column-type hydrau- 
lic presses are designed for multiple cavity molding 
and operated from a single power source. 


DIE CASTING—TRIMMING 


High speed trimming is done on this 10 ton hydraulic gap press. 


Four slides exerting 3,000 tons produce titanium bri- 


TITANIUM—BRIQUETTING * 
quettes. Inset shows 4 slide arrangement. 


SEND YOUR PROBLEM TO o isi 53>! Clearing 


DIVISION OF U.S. INDUSTRIES, INC. 
6499 W. 65th Street e Chicago 38, Illinois 


P ss Plants in: Chicago, Ill. e Hamilton, Ohio e Los Angeles, Calif 
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